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Abstract
The -1000  A.D. eruption o f  Volcan Ceboruco produced 3-4 km3 o f  rhyodacitic to 
dacitic m agm a erupted as the Jala Pumice, forming a 3.7-km-wide caldera. The tephra 
sequence consists o f  alternating Plinian fall and pyroclastie surge deposits, and a series of 
lithic-rich pyroclastie How deposits. The latter are known as the Vlarquesado and North- 
Flank Pyroclastie Flow deposits. Stratigraphic evidence and results o f  a com prehensive 
analysis o f  accidental lithic and pum ice populations constrain the tim ing o f  caldera 
collapse, and the emplacem ent o f  the pyroclastie How deposits to the end o f  the Jala 
Pumice. M ass accum ulation calculations o f  particles from fall layers display 
sedim entation patterns consistent with deposition from dilute and turbulent currents with 
low panicle concentration. Pyroclastie flow and surge deposits likely resulted from 
density-stratified currents, with a basal region o f  relatively high panicle concentration, 
and an upper dilute layer that transports particles in turbulent suspension.
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1. Introduction
The processes o f  transport and sedim entation in pyroclastie clouds and eruptive 
colum ns generated from v olcanic eruptions remain poorly understood as a result o f  the 
complex fluid dynam ics and therm odynam ics o f  the clouds, the uncertain extent o f  
interaction with topography, and the difficulty o f  direct observation. Because o f  this, 
m odeling efforts aimed at predicting and explaining pyroclastie transport and deposition 
are based largely on the textural and granulom etric characteristics o f  the resulting 
pyroclastie deposits (W alker. 1971. 1973. 1981: Sparks. 1976: 1986: Carey and 
Sigurdsson. 1985: 1989; Carey and Sparks. 1986: Cas and W right. 1987: Sparks et al.. 
1991: Sparks et al. 1992: W ilson and Walker. 1982: Bursik et al.. 1992b).
The mechanics o f  particle transport and deposition, and therefore depositional 
patterns, are predom inantly a function o f  the particle concentration o f  the pyroclastie 
density current (Bursik et al.. 1998). In the case o f  dilute and turbulent currents with low 
particle concentration (<0.1 vol.%). deposition results from suspended sedim entation 
(Figure 1) (Martin and Nokes. 1988: Sparks et al.. 1991: Bursik e ta l.. 1992b: W oods and 
Bursik. 1991). In the case o f density currents with greater particle concentrations (0 .1­
10's vol.0 o). inertial and partially fluidized currents deposit material via cn masse 
freezing (Figure 1) (Sparks. 1976: Wilson and Walker. 1982). Some workers have held 
that a complete transition occurs between these end m em bers (Cas and W right. 1987; 
Fisher 1983). whereas others believe that distinct gaps exist between specific flow-types 
(W ilson and W alker. 1982: W alker and M cBroome. 1983). Recently described 
pyroclastie tlow and surge deposits, such as those found at Mount St. Helens. 1980. and 
Mount Pele. 1902. cannot be easily differentiated as either type o f  density current and 
their interpretation remains controversial (Fisher and Heiken. 1982: W alker and 
M cBroome. 1983).
Com prehensive studies that focus on describing and modeling pyroclastie fall 
deposits are widespread (W alker. 1973. 1981: Carey and Sigurdsson. 1985: Sparks. 1986
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Carey et al.. 1988; Sparks et al.. 1991; W oods and Bursik. 1991; Bursik et al.. 1992b: 
Sparks et al.. 1992: Ernst et al.. 1996) and are fairly well accepted because o f  the 
agreement that exists between model predictions and direct observations (Carey et al.. 
1990). Field observations show that with increasing distance from the eruption vent, a 
pyroclastie fall deposit decreases in median grain size (Md*). and abundance in accidental 
lithic content, while also exhibiting an increase in sorting (o*). In addition, fall deposits 
exponentially decrease in thickness with distance (Pyle. 1989: 1995). Som e o f the more 
successful m odeling efforts that attempt to quantify how pyroclastie fall deposits form are 
based on the observations o f  Pyle (1989; 1995). and the presum ption that the umbrella 
regions o f  volcanic plumes are sufficiently turbulent and dilute system s that travel with a 
constant volume tlux (Carey and Sparks. 1986: Sparks et al.. 1991; Bursik et al.. 1992b: 
Sparks et al.. 1992).
M odels o f  the dispersal o f  tephra from v olcanic plum es have been recently- 
developed that have been shown to be consistent in observed fall-out sedim entation 
patterns (Carey and Sparks. 1986: Carey et al.. 1990: Sparks et al.. 1991: Bursik et al.. 
1992b: Sparks et al.. 1992). The theoretical model is m ost thoroughly presented in Sparks 
et al. (1991) and Bursik et al. ( 1992b) and the principal results are sum m arized here. 
Sedim entation o f  tephra from volcanic plumes occurs from the m argins o f  the vertically- 
rising eruption colum n, and from the laterally spreading um brella cloud (Figure 2). 
Particles o f  greatest density and size are deposited from along the plum e margins and 
produce proxim al deposits. Most particles, how ev er, are transported to near the top o f  the 
eruption colum n by strong vertical tlow (W oods. 1988: W oods and Bursik. 1991). Upon 
reaching a  height where the plume is neutrally buoy ant, the current spreads laterally and 
forms the um brella region o f  the eruptive colum n (Sparks. 1986). The boundary between 
the vertically rising colum n and the horizontally spreading cloud is referred to as the 
colum n-com er. and deposits found beneath the colum n-com er are referred to as being at 
a distance. r„. from the vent (Figure 2).
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The volume flux o f  the um brella region o f  an eruption cloud is modeled by Sparks 
et al. (1991) and Bursik et al. (1992b) as being dilute, turbulent, and moving at a constant 
volume flux. In a turbulent flow, the settling o f  particles is opposed by the turbulence 
itself, which encourages continued entrainm ent and mixing rather than deposition. A 
gradient o f  downward increasing particle concentration is established as a consequence o f  
the opposing effects o f  settling and turbulent dispersion (M artin and Nokes. 1988:
Sparks. 1991). When the settling velocity o f  a particle exceeds the spreading velocity o f  
the plume, sedim entation occurs. Settling velocities o f  particles from the um brella region 
o f  volcanic plumes. are calculated as:
i ' r  = C n [(ilS !  n  ft > /• < 1 >
where C'/> is the drag coefficient, ji is the bulk density o f  the plume. #  is gravitational 
acceleration, and J  and a  are the particle diam eter and density, respectively (Carey and 
Sparks. 1986). The model o f  Sparks et al. (1991) and Bursik et al. ( 1992b) predicts the
mass accum ulation on the ground per unit area from suspended sedim entation. S. for a
given size-fraction (/). particles will be a function o f  distance from the vent, r:
S  = S„ exp [( - ii \ r  - r,,: J v, ) / C>|. (2)
where is the mass accumulation per unit area at /•„. O  is the volumetric flow rate o f  the 
laterally m oving um brella cloud, and v, is the settling velocity o f  the particles o f  a given 
grain diameter. J. Equation (2) is for sedim entation o f  particles o f  equal v,. and not the 
sum accum ulation o f  a bulk deposit. Equation (2) predicts that deposition o f  a particle o f  
equal v, should decrease exponentially with distance in dilute and turbulent currents, 
whereas, particles deposited en masse should rem ain relatively constant. Previous studies 
have shown how pumice clasts often vary in density, som etim es dram atically, with size
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4(W alker. 1971). As a result, only particles with constant densities (accidental lithics and 
crystals, and not pumice) are used in this study.
Pyroclastie How deposits (PFD 's) are often described as being massive, poorly 
sorted, ash-rich deposits that may exceed 1000 m in thickness and can be found 100's km 
from a source vent (Sparks. 1976: Fisher. 1979). Generation o f  PFD 's are thought to 
occur from a variety o f  m echanism s during explosive eruptions, including colum n- 
collapse (Figure 2) (Sparks and W ilson. 1976: Bursik and W oods. 1991). gravitational 
collapse o f  a summ it dome (Yam am oto et al.. 1993). or low altitude fountain-feeding 
from the eruptive plume over the crater rim (Hoblitt. 1986). Simple models (M ohr- 
Coulom b. Hsii. 1975) envision the behavior o f  pyroclastie flows like that o f  avalanches. 
That is. as an en mas.se sliding block o f  som e frictional strength that will move on ground 
slopes greater than some critical slope angle. 0. and reach a distance. that is a function 
o f  the height o f  the origin. H. and 0. such that:
i  = H  / tan  0 (3)
The dispersal o f  many pyroclastie flow deposits is not. however, accurately predicted by 
this relationship, for there is no way to account for flow mass or turbulent stresses at high 
velocities (W ilson. 1980. 1984). Furthermore, a value for H  is rarely known to any degree 
o f  certainty.
M ore recent interpretations have speculated that pyroclastie flow deposits formed 
from partially fluidized gas-particle mixtures with particle concentrations on order o f -  
10 vol. % (Sparks. 1976). In addition, it is suggested that the behavior o f  pyroclastie 
flows is a consequence o f  their gas content and volume. That is. sm all-volum e. gas-poor 
pyroclastie flows behave like cold debris avalanches, that "flow " as a com bination o f  
lam inar and plug flow and are deposited en masse, whereas large-volume. gas-rich 
pyroclastie flows initially flowed turbulently and deflated with distance into a laminar
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tlow regim e (Sparks. 1976: W ilson. 1980). W ilson and W alker (1982) and W ilson (1984) 
extended that model by suggesting that pyroclastie flows represented a distinct form o f 
pyroclastie density current whose structure consists o f  a head. body, and tail, with each 
region producing different deposits owing to the different tlow  regim es and conditions 
believed to exist in specific regions.
Fluidization is generally regarded as the dom inant factor in the movement o f 
pyroclastie tlows (Sparks. 1976: W ilson and W alker. 1982: W ilson. 1985). The process 
o f  fluidization occurs as a bed o f solid particles takes on the rheology o f  a tluid and is 
able to tlow under the influence o f  gravity (Sparks. 1976: W ilson and Walker. 1982: 
W ilson. 1985). Total fluidization occurs only when air is passed through a bed o f  solid 
particles with a very narrow grain size (Sparks. 1976: W ilson. 1980). PFD ’s are typically 
very poorly sorted and enriched in fine material, m aking total fluidization impossible. 
Experimental analyses by W ilson (1980. 1984) indicate, however, that if  the volume of 
fine-grained particles represent a sufficient proportion o f  the total grain size distribution, 
then a fluid-like matrix will develop, allowing the material to flow downslope under the 
influence o f  gravity.
Pyroclastie surge deposits are commonly distinguished from other pyroclastie 
deposits by having com plex bed forms, such as cross bedding, dune structures, and 
lam inar bedding (Sparks. 1976: Fisher. 1979; Allen. 1984). Surge deposits are typically 
better sorted (0*) at a sim ilar range in median diam eters (Md*) com pared to pyroclastie 
flow deposits (W alker. 1971: Sparks. 1976). W ohletz and Sheridan (1979) interpreted 
surge clouds as initially lean-phase fluidized system s, which deflate from the continual 
loss o f  gas. and thus transform  from a viscous to an inertial current w ith increased 
distance. This interpretation w as sparked by repeated field observations o f  systematic 
changes from sandwave bed forms at proximal distances, to m assive beds at medial sites, 
to planar bedding at distal locations w ithin basaltic phreatom agm atic base-surge deposits 
(W ohletz and Sheridan. 1979).
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6Further research on the dynam ics o f  pyroclastie surges by Fisher (1979. 1983. 
1990) and Valentine (1987) suggested that regional transport o f  particles and local 
deposition occurs in two distinctly different system s acting within the surge cloud. In this 
case, the overlying (or upper) transport system is dilute and turbulent, whereas the 
underlying (or lower) depositional system m oves laminarly such as saltation and granular 
tlow  (Figure 1). The basal depositional system thus depends on both the local 
topographic controls (e.g. “blocking". See Figure 3). and the quantity o f  m aterial supplied 
from the transport system. The most com pelling example o f  this may be the pyroclastie 
blast-surge deposits from the 1980 eruption o f  M ount St. Helens (Fisher. 1990; Druitt. 
1992).
Most recently, pyroclastie surges have been modeled as eruptive plum es traveling 
through the atm osphere, where particles are transported entirely in turbulent suspension 
(W oods et al.. 1998; Bursik et al.. 1998). In this model, sedim entation o f  m aterial from 
pyroclastie surge clouds occurs straight from a dilute and turbulent "transport-system ". 
without a basal "depositional-system ". M odels for eruptive plume sedim entation, this 
model predicts that particles are deposited system atically as an exponential function o f  
distance from source location. Ironically, the m ost convincing study to support this model 
also comes from that o f  the 1980 M ount St. Helens blast-surge (Bursik et al.. 1998).
This thesis seeks to model the transport and depositional m echanics o f  the 
pyroclastie fall. tlow . and surge deposits through a systematic study o f  the deposits 
formed from the -  1000 A.D. caldera-form ing eruption o f  Volcan Ceboruco. The 
com plex eruption sequence o f  alternating pyroclastie fall, surge, and tlow  deposits offers 
an exceptional opportunity to further exam ine how pyroclastie material is transported and 
deposited from a wide range o f  pyroclastie density currents. In addition, our newly 
described proximal and distal deposits, and com prehensive analysis o f  variations o f  
accidental lithic and pum ice-types through the eruptive sequence, allows a re-description 
o f  the eruptive stratigraphy and discussion o f  the tim ing o f  caldera collapse.
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7The -1 0 0 0  A.D. eruption o f  Volcan Ceboruco. located in Nayarit. M exico, 
emplaced 3-4 km 3 (D RF. Dense Rock Equivalent) o f  rhvodacite to dacite m agm a and 
resulted in the formation o f  a 3.7 km wide caldera. The tephra deposited from this 
eruption is referred to as the Jala Pumice and the M arquesado Pyroclastie Flow deposits. 
The Jala Pumice is a com plex sequence o f  alternating Plinian fall deposits and pyroclastie 
surge and tlow deposits, located to the north and northeast o f  Ceboruco. The Marquesado 
Pyroclastie Flow deposits consist o f  repeated units o f  m assive-to-stratified. lithic-rich. 
m atrix-supported layers, located predom inantly to the south and southw est o f  the 
volcano. This study constrains the tim ing o f  the M arquesado pyroclastie tlow  deposits to 
the end o f  the Jala Pumice sequence through stratigraphic evidence.
2. Geologic Setting and Eruptive History
Volcan Ceboruco. a 2164 m high com posite volcano located in the state o f 
Nayarit. in western M exico, is one the westernm ost active volcanoes in the Trans- 
M exican Volcanic Belt (Gunn and Mooser. 1971: Nelson. 1980: M oore et al.. 1994). 
Ceboruco is truncated by two concentric calderas. the older o f  which m easures 3.7 km in 
diameter and the younger is approxim ately 1.5 km in diam eter (Figure 4). Volcan 
Ceboruco's structure is noticeably asymm etric with the north and northeast flanks being 
steeply dipping at 25°-35°. and the south Hanks at -15°.
Volcan Ceboruco rests in a down-dropped graben structure that com prises the Jala 
and Ahuacatlan valleys. A N60°W trending escarpm ent o f  the Sierra M adre Formation 
abruptly m arks the northern margin o f  this basin (Figure 5). These cliffs rise in excess o f  
230 m above the valley floor and represent the front o f  a rugged and com plex plateau that 
extends to the north (Figure 6). The Sierra Madre formation, com posed o f  T ertian  
rhyolitic ash-flow  tuffs (Gunn and M ooser. 1971: Nelson. 1980). m ost likely underlies 
Ceboruco (Nelson. 1980: M oore et al.. 1994). The concealed deeper levels beneath 
Ceboruco may also be com posed in part o f  granitic material (Figure 7). because such
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8xenoliths are often found in the erupted products from cinder cones located immediately 
adjacent to the northwest and southeast o f  Ceboruco (Thorpe and Francis. 1975: Nelson. 
1980). and in the erupted products o f  Volcan Ceboruco (this study).
The eruptive history o f  Volcan Ceboruco was described extensively by Nelson 
(1980). and will be summarized here. The eruptive sequence can be divided into three 
stages o f  predominantly effusive activity, separated by two episodes o f  caldera formation. 
The first stage includes extrusion o f  the most voluminous proportion o f  the volcano, w ith 
60 km J o f  andesitic lava Hows compared to only 7 km ' o f  erupted material in the next 
two stages. This period was followed by an unspecified period o f  quiescence with the 
exception o f  the effusion o f  a rhyolitic and a rhyodacitic lava dome (Cerro Pedregoso and 
Cerro Pochetero. respectively). The first stage ended with the A.D. '1 0 0 0  eruption that 
resulted in the deposition o f 3-4 km ’ (D RF) o f  magma as the Jala Pumice deposit to the 
north and northeast, and the M arquesado pyroclastie tlow deposits to the south, along 
with the formation o f the outer caldera. which remains open to the south. The second 
stage began with the em placem ent o f  the Dos Fquis dacite dome, which partially filled 
the caldera. Continued lava extrusions, ranging from basaltic andesite to dacite in 
com position, destabilized the dom e, causing it to collapse and form the inner caldera.
The third stage o f eruptive sequence consists o f  historical activity o f Ceboruco. 
which is limited to an eruption in 1870-1872. where a dacite lava tlow and pyroclastie 
deposits were emplaced on the western flanks o f the cone (Ordonez. 1897). Weak 
fumerolic activity from this eruption persists today. Earlier work by W illiams (1950). 
Gunn and M ooser (1971). Thorpe and Francis (1975). and Nelson (1980) focused 
predom inantly on the structural and compositional evolution o f  Volcan Ceboruco. Those 
studies showed that the principal rock types found at Ceboruco are basaltic andesite to 
andesite. with a significant am ount o f  olivine-bearing basalt. Alkali basalt, dacite. and 
rhyolite are also found, but are not common. With the exception o f  recent work 
performed by Gardner and Tait (2000). which looked closely at the '1 0 0 0  A.D. caldera-
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9forming eruption by calculating mass eruption rates in the cases o f  the Plinian fall layers 
and the erupted volumes o f  individual layers in the eruptive sequence, a quantitative 
evaluation o f the pyroclastie deposits at Volcan Ceboruco has rem ained undone.
3. Methods
3.1. Field Studies:
For this study, the Jala Pumice deposit was measured, described, and sam pled at 
55 sites. 19 o f  which were mapped by Gardner and Tait (2000). M oreover. 52 samples o f 
pyroclastie surge deposits and 17 samples o f  pyroclastie tlow  deposits were acquired (a 
total o f  118 samples underw ent sieving and component analysis). Som e pyroclastie surge 
deposits w ere sampled on the flanks o f  the volcano, but most were sam pled atop the 
northern plateau (Figure 5). Pyroclastie tlow deposits were sampled at localities to the 
southwest o f  Ceboruco and on the eastern and northern tlanks. Each pyroclastie fall 
deposit was measured and described in terms o f  grain size, lithic content, and any 
apparent grading. Each pyroclastie surge and tlow deposit was m easured and described in 
terms o f  relative grain size, color, lithic content, and bedding structures.
3.2. Analytical and Com ponent Studies:
Granulom etric analysis for this study was performed in accordance w ith methods 
outlined by W alker (1971) and Sparks (1976). Even, pyroclastie fall, surge, and flow 
deposit sample was wet-sieved in 0.5 phi (<{>) increments from -5 .0  <i> (32 mm) to 4.0 <j>
(1 1 6  mm). Following at least 12 hours in which the bulk sample was soaked in deionized 
water to disaggregate finer particles, all sieving was performed by hand to avoid breaking 
pumice clasts. The m aterial rem aining on each sieve was weighed to =0.01 g on a 
laboratory balance. Pyroclastie fall deposit samples collected and provided by Gardner 
and Tait (2000) also underw ent granulom etric and com ponent analysis in this study (-2 .0  
to 4.0 § only). Unfortunately, the sam pling practices o f  G ardner and Tait (2000) involved
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sieving, weighing, and counting particles that were coarser than -2.5 <j> in the field at 1.0 cj) 
intervals. The rem aining material was "sp lit"  into a representative bulk sample, which 
was analyzed in this study. Therefore, granulom etric and com ponent analysis from all 
pyroclastie fall deposits coarser than -2 .0  (|> represent integrated estim ates on a 0.5 <j) 
interval. A Swift Autom atic point counter (Hacker Instrum ents. Model E) was used for 
manual particle counting o f  all 0.5 interval phi sizes from -5 .0  to 4.0 (j) for component 
analysis, and a Spectrex 2000 Laser-particle analyzer with SuperCount version 8.13d for 
W indows was used to m easure the grain-size distribution for particles finer than 4.0 (j)
(4.5. 5.0. 6.0. and 7.0 <(>). Mass fractions o f  total particles in the 4.0 <j> to 7.0 <(> (individual 
com ponent mass fractions were not determ ined), were calculated by m ultiplying the 
num ber o f  autom ated laser-particle counts o f  a grain size fraction to weight fractions 
using the com m only used proportional conversion o f  0.65 per 1.0 (j> (Cas and W right. 
1987). from the m easured value o f 4.0 (j) particles. Specific results for all samples are 
found in Appendix I and II.
Analyses were plotted as cum ulative frequency curves to determ ine the median 
diam eter. Md* (=0^0. and the inclusive graphic standard deviation. o 0 (IGSD= |[((j)x4 - 
‘thfT' 4 | -  [(<j)i)> - 4>5)/ 6 .6 1J). which is a m easure o f  sorting (Folk and W ard. 1957). A 
m easure o f  "fines". Fz (total wt.%  finer than 4.0 <j>). has also been done for each sample. 
These param eters were chosen as they are relatively sim ple com pared to other graphical 
statistics used in the literature and also because it enabled com parison with most other 
studies o f  pyroclastie deposits. An outline o f  the statistical form ulae as defined by Folk 
and W ard (1957) used in this analysis are presented in A ppendix I.
Com ponents o f  each sam ple analyzed were divided into 6 main groups: White 
pum ice. Gray pumice. Banded pumice, crystals, lithics. and glass shards. For sizes greater 
than 1.0 <)) (0.5 mm), each com ponent was separated by hand under a binocular 
m icroscope and then weighed on a laboratory balance. For grain sizes between 1.0 <j> and
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4.0 <|> (0.5-0.063 mm), a m inim um  o f  500 grains were counted (750 for PFD 's) and the 
proportion o f  com ponents were converted to weight fractions using a proportional 
conversion factor determined through repeated sample tests to calculate the correct 
weight percentage. Specific results for all sam ples in this thesis are presented in 
Appendix I and II. Histograms that show the com ponent and granulom etric diversity o f  
analyzed samples display W hite pumice in white. Gray pum ice in white with 10% 
stipples. Banded pumice in white with 30% stipples. Crystals in gray. Lithics in black. 
Glass in white with 60%  stipples, and Non-com ponent Analyzed (NA) in cross-hatching. 
All samples in this study represent bulk samples o f  the deposit at a given locality, unless 
otherwise indicated.
4. -1000 A.D. Caldera-Forming Eruption
The -1000  A.D. caldera-form ing eruption o f  Volcan Ceboruco produced 3- 4 km 5 
(DRE) o f  tephra. less than 0.3 km 3 o f  w hich is contained in pyroclastie surge and tlow 
deposits, including the M arquesado tlow deposits (Table 1) (Gardner and Tait. 2000).
The Jala Pumice contains two different magm a types. One is rhyodacitic in com position: 
the other is dacitic (herein referred to as W hite Pumice and Gray Pumice, respectfully). 
Banded pumices, consisting o f  intermingling streaks o f  the two magma com positions arc 
quite abundant in specific levels in the Jala pum ice sequence (Figure 8). Overall. Gray 
pumices com prise less than 15 wt.% o f  the erupted volume, but. in the upperm ost layers 
o f  the Jala Pumice, they account for more than 90% o f  the juvenile material.
The petrology o f  the Jala Pumice was m ost performed by Nelson (1980) and 
G ardner and Tait (2000) and will be summ arized here. Rhyodacite pum ices are com posed 
o f  highly vesicular rhyodacite glass and <1 vol.%  plagioclase. w ith m inor am ounts o f  
orthopyroxene, magnetite, and ilmenite. The dacitic pum ices are microlite rich and 
composed o f  m odestly vesicular glass and phenocrysts o f  plagioclase. clinopyroxene. 
orthopyroxene, hornblende, magnetite, ilmenite. and m inor olivine. Both pum ices are
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relatively hom ogeneous. Gardner and Tait (2000) and C hertkoff and G ardner (2000) 
interpret the dacitic magma as the likely product o f  mixing between the rhyodacite and a 
m ore basic magma prior to eruption, as evidenced by zoned m agnetite-ilm enite pairs that 
yield core tem perature o f-1 0 3 0 °C  and rim tem peratures o f  -865°C  (G ardner and Tait. 
2000). and the abundance o f reaction-rims surrounding phenocrysts not seen in the 
rhyodacite m agm a, such as hornblende, clinopyroxene. and olivine (C hertkoff and 
Gardner. 2000).
The Jala Pumice is composed prim arily o f  at least 7 pyroclastie fall layers (P0- 
P6). 6 o f  which are Plinian (P1-P6). The coarse, widely distributed PI fall layer is the 
most voluminous, and accounts for -70%  o f  the total erupted volum e (Table 1). The 
remaining stratigraphy consists o f  alternating pyroclastie fall, surge (S I. S2. and S3), and 
pyroclastie tlow  layers (North-Flank and M arquesado tlow deposits), reflective o f  the 
fluctuating m ass eruption rate o f  the eruption (Figure 9). The overall lithic content (lithic 
vvt.%) steadily increases from less than 10 wt.% in the base to >90 wt.%  in the uppermost 
lithic fall deposits. Isopach and isopleth maps o f  the pyroclastie fall layers o f  the Jala 
Pumice constructed by Gardner and Tait (2000) indicate that the eruptive vent was 
located on the north Hank o f  Ceboruco. rather than atop the former sum m it (Figure 5). 
where caldera-collapse occurred.
Lithic subpopulations vary in the Jala Pumice eruptive sequence (Figure 10). In 
this paper. "L ithic" describes variably vesiculated non-juvenile rock fragments 
(vesicularity varies from 0 to -70% ) that were accidentally incorporated into the eruptiv e 
mass. Lithic types found in the Jala Pumice sequence are classified as either surficial lava 
fragments from near the eruptive vent, fragments o f  Sierra M adre basem ent rock, or 
"G ranitic-clast" lithics. Surficial lava fragments include a wide assortm ent o f  scoria and 
dense lava clasts. Granitic clasts are described here as crystal masses o f  plagioclase and 
quartz. ± biotite. and have also been found in eruptive tephra from several o f  the local 
cinder cones that surround Volcan Ceboruco (Thorpe and Francis. 1975). Studies by
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Thorpe and Francis (1 *-)75) and Nelson (1980) suggests that the granitic clasts are likely 
from concealed bedrock or possibly wall rock surrounding the Ceboruco magma 
cham ber, probably existing beneath Sierra Vtadre basem ent rock (Figure 7).
5. Revised Eruptive Stratigraphy of the Jala Pumice
Previously published characteristics and stratigraphy o f  the — 1000 AD caldera- 
forming eruption o f  Volcan Ceboruco (Nelson. 1980: G ardner and Tait. 2000) are 
augm ented with granulom etric and component analyses, along with interpretations from 
newly described proximal, m edial, and distal pyroclastie deposits. The greatest em phasis 
will be on the deposits that have not been previously described in detail, such as the surge 
layers (S I. S2. and S3) and tlow  deposits (M arquesado and North-Flank), but all relevant 
information from layers within the Jala Pumice will be presented. In this section, brief 
descriptions o f  the stratigraphic units will be combined with new findings o f  how the 
Md*. a*. Fz. lithic-type. and pumice-type populations vary through the eruptive sequence.
This study has subdivided the caldera-form ing eruption into three phases based on 
eruptive style and component variation (Table 1). These phases represent a continuum  o f 
shifting eruptive styles that correlate with stratigraphic subunits o f  the pyroclastie fall, 
surge, and flow deposits (Figure 11). The four main sources o f  tephra that are recognized 
in this thesis are: (1: / ’ and L) Plinian or non-Plinian lapilli (either pumice or lithic rich) 
deposited as fall-out from either the vertical colum n or the um brella region o f  an eruptive 
plume. (2: S) material deposited from pyroclastie surges. (3: A /and F) material deposited 
from pyroclastie flows, and (4: c l and c2) fine ash and rare lapilli elutriated from 
pyroclastie flows and probably deposited as co-ignim brite ash fall. The discrim ination o f 
pyroclastie material within the complex stratigraphy o f  the Jala Pumice as either 
pyroclastie fall, surge, or flow deposits is based on a com bination o f  granulometric and 
com ponent analysis, and direct field evidence o f  the deposits ' dispersal characteristics, 
thickness variability, and internal stratigraphy, such as cross-bedding and planar bedding.
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Subsequent num bers designate the relative order in the eruptive sequence, e.g.. SI refers 
to the first surge deposit in the Jala Pumice sequence.
The terms proxim al, medial, and distal are used to characterize the distance o f  a 
deposit (with the exception o f  M arquesado deposits, see below) from the main eruption 
vent, indicated in Figure 5. Proximal refers to a deposit found within 3 km from vent, and 
includes all Hank deposits. M edial refers to deposits located from 3 to 10 km from vent, 
and include nearly all deposits found on the northern plateau, and in the Jala and 
Ahuacatlan river valleys, including those found at Location 11. Distal refers to deposits 
found more than 10 km from vent, and includes the northernm ost deposits on the plateau, 
some M arquesado deposits, and deposits found near the villages o f  Santa Fe. Rosa 
Blanca, and El Aguacate (Figure 5). M arquesado deposit distances were m easured from 
the Ceboruco caldera center, and not from the main eruptive vent.
5.1. Phase 1:
Deposits o f  Phase I include (1) the initial P0 fall deposit, and (2) the PI fall 
deposit (Figure 12).
PO fall layer:
The PO fall layer m arks the base o f  the Jala Pumice sequence, resting on a pre­
em ption soil layer that com m only contains abundant lava blocks in a matrix o f  brownish- 
orange alluvium . PO is restricted to a narrow lobe that extends to the north-northwest, and 
accounts for less than 0.3%  o f  the total erupted volume o f  the Jala Pumice. The thickness 
o f  PO ranges from 80 cm at its thickest exposure at medial locations to less than 10 mm at 
distal locations or at locations greater than -2  km o ff the main dispersal axis. The clast- 
supported deposit, exhibits m oderately well sorting (o*: 1.33). a Md^ o f -1 .6 . no obvious 
grading, and contains -1 0  wt.%  lithic material and accretionary lapilli clasts in proximal 
localities. However, only one deposit was sampled (Locality 18). Juvenile material o f  the 
P0 unit is predom inantly W hite pum ice and tan colored accretionary lapilli. but rare Gray
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and Banded pum ice clasts can be found (Figure 13). G ardner and Tait (2000) estim ate the 
total volume o f  PO to be 0.01 km 3 (DRE). with a peak eruption rate o f  <10h kg/s.
PI fa ll layer:
The PI fall deposit is the most voluminous and w idespread layer o f the Jala 
Pumice, accounting for more that 75% o f  the total erupted volume (Table 1). Estimates o f 
mass eruption rate from G ardner and Tait (2000) for the base o f  PI are 4x10 kg 's and 
back to 8x10 kg s for the coarsest-grained level located approxim ately 60% up from the 
deposit's  base. Isopach and m aximum  lithic isopleth m aps indicate that the dispersal axis 
o f  the PI fall layer extends approxim ately \'70°E  from Ceboruco (Gardner and Tait. 
2000). PI decreases in thickness with distance from the eruptive vent (Gardner and Tait. 
2000). and consists o f  well-sorted, clast-supported, sub-angular. W hite pumice lapilli that 
exhibit steady reverse grading in the lower 60% o f  the deposit, and rapid normal grading 
in the upperm ost 5-10%. Gray and Banded pumice are rare (<3 wt.%). especially in distal 
deposits. Accidental lithic contents range from <5 wt.% in the lower portion o f  P I. to -15  
wt.% in the upper 10% o f  the deposit (Figure 14).
Every P I. as well as every other Jala Pumice fall, deposit Md0 vs. o0 values plot 
within the "Pyroclastie Fall Deposit” zone defined by W alker (1071) (Figure 15). 
Granulom etric analyses o f  PI deposits from the top -2 0  cm (bulk) and basal -2 0  cm 
(bulk) was performed from 7 localities ranging from 4.5 to 25 km from the eruptive vent 
(Figure 16). The Md*. m aximum  pumice diameter, m axim um  lithic diameter, and bulk 
accidental lithic content from base and top o f PI all decrease system atically with 
increasing distance from the vent. In addition, both the top and bottom  o f  the PI deposit 
show an increase in overall cry stal content, and only weak im provem ent in sorting (o0) 
with distance.
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Analyses o f accidental lithic populations o f the PI fall deposit indicate that 
between 70-85 % are surficial lava fragments, between 15 and 30 %  are Granitic-clast 
lithics. and less than 2% are Sierra M adre lithics (Figure 10).
The uppermost 1 to 4 cm o f  the P! fall deposit represents the extrem e end to the 
normal grading trend observed in the top 5-10°o o f the PI layer (Figure 9). This portion is 
com posed o f  a thin layer (<3 cm ) o f  clast-supported, sub-rounded W hite pum ice lapilli 
and ash. The pumice-rich layer at P i 's  top shows sim ilar com ponent make-up and 
dispersal characteristics as the rest o f  the PI unit but exhibits sim ilar granulometry (Md„: 
-0.2. a 0: 1.14) to the PO fall layer.
5.2. Phase 11:
The deposits o f  Phase II include ( D a  thin and narrowly dispersed lithic-rich level 
atop P I. (2) the SI surge deposit. (3) the P2 fall deposit. (4) the S2 surge deposit. (5) the 
P3 fall layer. (6) the S3 surge deposit, and (7) the P4 fall deposit (Figure 17).
Lithic-rich fa ll  deposit:
On top o f  the pum ice-rich layer o f  PI lies a thin (<1 cm) well-sorted, clast-
supported. lithic-rich layer o f surficial andesitic lithic fragments that is depleted in
juvenile material. The dispersal characteristics o f  this layer resem ble PO. rather than P I.
and thus are assumed to represent the beginning o f  Phase II (Figure 12).
S I surge deposit:
The SI surge layer represents the first pyroclastie surge in the Jala Pum ice (Figure 
18). Because o f  the limited aerial extent o f  the fine-grained lithic-rich layer atop P I . SI is 
the first layer o f  the Phase II stratigraphy at most localities. SI is found on the north, 
northeast, and eastern Hanks o f  Ceboruco and atop the northern plateau (Figure 19). SI is 
also present as a thin (0.5-2 cm) ash layer at localities west o f  Santa Fe. 25 km north o f  
Ceboruco. and atop a 1620 m ridge imm ediately north o f  the village o f  Coapan (Figure 
5). SI was estimated to represent a volume o f '0 .0 0 2  km 3 (DRE) by Gardner and Tait
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(2000). however, this calculation was based on a total lithic content o f  '3 0  wt.%. 
Granulom etric analysis (Table 3) from this study indicates an average lithic content o f 
'5 5  wt.% . which suggests a volume o f  approximately 0 .001 km 3 (DR.E). accounting for 
<0.1 % o f  the total Jala Pumice volum e (Table 1).
The Md0 vs. o0 values for SI deposit plot as an array across the "Pyroclastie Flow 
D eposit" zone and the "Pyroclastie Surge Deposit" zone as defined by W alker (1971) in 
Figure 15. Nonetheless, we define the SI deposit as a surge deposit based on the 
abundance o f  accretionary and arm ored lapilli (M oore and Peck. 1967: S elf and Sparks. 
1978). m oderate sorting, and massive, but thin (<15 cm) beds.
Proximaily. the olive-gray-colored SI deposit is predom inately m assive, 
moderately to poorly sorted, and contains abundant armored lapilli. and rare sub-rounded 
pumice clasts. No charred organic material is observed in the SI deposit. Internal bedding 
structures in flank deposits were found at only one locality and include a m assive bed at 
the base with faint laminations at the top 0.75 cm (Locality 5). The thickness o f  the SI 
unit ranges from 1-2 mm to 5.5 cm on the Hanks with the exception o f  one proximal 
deposit, which measures in excess o f  3 m (Locality 6). This outcrop appears to retlect an 
exceptional instance where the SI surge actively eroded and disrupted the underlying PI 
fall deposit, as evidenced by its intlated. channel-filled, m atrix-supported appearance 
(Figure 18).
Sam pling o f SI was performed most extensively in medial locations atop the 
plateau to the north and northeast o f  Ceboruco along tw o transects. B -B ‘ and C-C '
(Figure 5). B -B ‘ trends approximately N10°E from Ceboruco and represents the general 
tlow  direction o f  the SI surge cloud, as evidenced by the linear trend o f  m axim um  bed 
thickness which parallels B -B '. The C-C ' transect trends approximately N60°W  along the 
upper crest o f  the Sierra M adre escarpm ent north o f Ceboruco and represents a cross­
section o f  the propagating current as it encountered the '1 5 0  m c liff (Figure 20). At all 
sample localities on the northern plateau SI is a massive, olive-gray-colored, m oderateiy-
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to-poorly sorted, arm ored-lapilli-bearing. ash-rich layer with faint lam inations in the 
upper 20%  o f the deposit (Figure 21). SI reaches a peak thickness o f  15 cm at a site 
located 5 km from the vent atop the northern plateau, and then thins rapidly to <3 cm 
only 2 km downstream (Figure 20). SI is found up to 25 km away from vent, where it 
displays intermittent pinch-and-swell geom etries on -1 m scale and is often observed as 
m antling fall deposit pumice clasts.
Along the B-B' (Figures 22 and 23) and C -C ' (Figure 24) transects, the SI layer 
displays variability in Md0. a ltl. and F2 with distance. A linear relationship has been found 
to exist between thickness and Md0 (and FZ) along B -B '. which shows that coarser 
grained deposits are up to 8 tim es thinner than the tines-enriched deposits, especially 
beyond 6 km (Figure 23). The thickest deposits contain the highest Fz. the smallest Md(t) 
values, and a random distribution o f  sorting coefficients (o0: 2.00-2.50). Along the crest 
o f  the Sierra M adre escarpment (C -C ). SI is fines-rich (FZ) and poorly sorted (o0) 
com pared to distal SI deposits.
Distal SI deposits range in thickness from 1- 2 cm. contain the coarsest Md0 
values, and display the most improved sorting (<r0: 2.04) observed atop the plateau 
(Figure 21). Distal SI deposits also have the smallest Fz values (<5 wt.%).
Granulometric and com ponent analysis o f  all SI deposits are organized and 
presented in Appendix II. Analysis o f  accidental lithic populations o f  the SI surge deposit 
indicate that 85-95% are surficial lava fragments with the rem aining 5 to 15% being 
Granitic-clast lithics. Less than 1% o f  the accidental lithics are Sierra Madre fragments 
(Figure 10).
P2 fu ll layer:
Immediately above the SI surge layer is the P2 fall deposit (Figure 25). The P2 
layer has a volume of -0 .4  km 1 (DRE) and accounts for -10%  o f  the total erupted volum e 
o f  the Jala Pumice (Table 1). Mass eruption rate estim ates for P2 van.- from -  lx l0 's kg. s
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for the basal layers, which is the m ost intense in the Jala Pumice stratigraphy, to 2x10 
kg/ s for the upper level (Gardner and Tait. 2000). The P2 fall layer has sim ilar dispersal 
characteristics to the PI fall layer with a dispersal axis o f  ~N50°E.
The internal stratigraphy o f  the P2 fall layer is distinct, and is therefore easily 
distinguished in both proximal and distal localities. Individual layers in the P2 
stratigraphy are most easily recognized by local changes in grain size and overall pumice 
and lithic content. It is important to note, however, that although fluctuations in the 
overall lithic content are observed throughout the P2 fall deposit, the concentration o f 
lithic fragments between grain sizes o f 0 and 4.0 o remain nearly constant (Figure 10). 
The base o f  P2 marks the dram atic increase o f both lithic material and Gray and Banded 
pum ices in the Jala Pumice stratigraphy, and is referred to here as the Lithic-R ich Base 
(LRB) (Table 2). The I.RB is coarse-grained, clast-supported, and m oderately sorted 
(Figure 26). Analyses o f  the l.RB at proximal locations yield Md0 values between -2 .5  
and -4.8 (j). a 0 values between 1.15 and 1.26. and accidental lithic concentrations o f  45-55 
wt.%. Pumice populations in the P2 layer are composed o f  W hite pum ice (>80 wt.% ). 
Gray (<15 wt.%). and Banded pum ice (<5 wt.%). Distaily. the LRB layer has Md0 values 
between -0 .5  and -2 .0  b. o0 values between 0.8 and 1.1. and accidental lithic 
concentrations o f  12-18 wt.%  (Figure 26). Granulom etric analysis o f  7 LRB sam ples 
from sites ranging from 4 to 25 km away from the eruptive vent indicate that M d0. o0. 
and wt.%  lithics all decrease with distance (Figure 27). Total thickness also decreases 
with distance.
Above the LRB are a coarse-grained, pum ice-rich level, a fine-grained level, and 
a coarse-grained, lithic-rich top (Figures 25 and 26). The coarse-grained (Mdq>: -4.9 b) 
pum ice-rich level is clast-supported and moderately sorted (ob: — 1.50). and contains 25­
30 wt.%  lithics at proximal locations and <15 wt.% lithics at distal sites. The pum ice 
population o f  this level is com prised o f  65-75 wt.% W hite pumice. 15-25 wt.%  Gray 
pumice, and 5-10 wt.% Banded pumice. The fine-grained (M d0: -2.4 b) layer is
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moderately sorted (a*: 1.35) and contains '4 0  wt.% lithics. and Gray and Banded pum ice 
abundances o f  '2 5  and '1 0  wt.% respectively. This fine-grained region marks the point 
o f  highest Gray and Banded pumice abundance in Phase II (Figure 8). The upper ha lf o f  
the P2 fall deposit exhibits reverse grading from the fine-grained layer up to a coarse­
grained (Md<J>: -3.0 <j>). clast-supported, m oderately sorted (ci<j>: 1.44) level. Similar to the 
LRB. the top is enriched in lithics ( '4 5  wt.%) and Gray and Banded pumice (>25 and '5  
wt.% , respectively). At proximal locations, it is com m on to see the top level o f  P2 eroded 
by the subsequently deposited S2 surge deposit.
Gray pumice clasts in P2 com m only have lithic-rich cores, and the Banded 
pumices often have intricate lithic clusters that result in the deform ation o f  striations o f  
the differing m agm a compositions. These textures are seen throughout Phase II and III. 
but not Phase I. Analyses o f  accidental lithic populations o f  the P2 fall deposit indicate 
that between 90-95 % are surficial lava fragments, between 4 and 8 %  are Granitic-clast 
lithics. and approxim ately 3% are Sierra Madre lithics (Figure 10).
S2 surge deposit:
S2 surge deposits (Figure 28) are limited to the northeast, east, and southeast 
flanks o f  Ceboruco. and are distributed atop the plateau to the north (Figure 29). S2 is not 
found beyond 15 km from vent. Proximal sam pling o f the S2 layer was performed on the 
eastern and southeastern flanks o f  Ceboruco along the A -A ' transect (Figure 30). S2 
deposits at proximal sites are light gray and com m only exhibit internal stratifications, 
including cross bedding and planar bedding o f  mm to cm thick bands o f  alternating sandy 
ash-and-pum ice layers with silty ash layers in the lower 60% . w ith faint laminations at 
the top 40%  o f  the deposit. S2 was estim ated to represent a volume o f  '0 .0 0 3  km3 (DRE) 
by G ardner and Tait (2000). based on a total lithic content o f -3 0  wt.%. Granulom etric 
analysis from this study (Table 3) indicates, however, an average lithic content o f '4 5  
wt.% . which suggests a volume o f  approxim ately 0.002 km 3 (DRE). accounting for <0.15 
%  o f  the total Jala Pumice volume.
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Like S I . Md* and a* values for the S2 deposit plot across the intersection o f  the 
"Pyroclastie Flow Deposit" and "Pyroclastie Surge Deposit" fields o f  W alker (1971) 
(Figure 15). Nonetheless, we believe S2 is a surge deposit because o f  its abundance o f 
internal stratigraphy, such as cross-bedding and planar bedding, m oderate sorting, and 
abrupt changes in thickness (Figures 30 and 31) in response to topography (Fisher. 1979; 
Allen. 1984).
Deposits located along the eastern flank transect (A -A ') display highly variable 
values ofM d*. a*. F2. and thickness as topograph) changes with distance (Figures 30 and 
32). Almost all o f  the S2 deposits found along the eastern flank range from 4-10 cm  thick 
and are moderately to poorly sorted (cr<f>: 2.50-3.75) (Figure 33). One S2 deposit on the A- 
A ' profile located at the break in slope between the east flank o f  Ceboruco and the Jala 
valley floor (Locality 1) is nearly 25 cm thick, and displays anom alous Md* (4.3 <(>). 
sorting (a*: 1.03). and Fz values (FZ: -8 0  wt.% ) (Figure 34).
Medial sam pling o f  the S2 surge layer was performed along the B -B ' transect, 
which is believed to parallel the general flow direction o f  the S2 surge cloud, based on 
the linear trend o f  S2 bed thickness that follows B-B '. With the exception o f  three 
localities located atop the crest o f  the Sierra M adre escarpm ent at the abrupt front o f  the 
northern plateau. S2 deposits on the plateau exhibit only massive internal structure with 
faint lam inations in the top few centim eters. M edially, the S2 deposits are olive-gray in 
color, moderately to poorly sorted, and contain neither armored lapilli nor charred 
organic material.
Analyses o f  the m edially located S2 surge deposit along the B -B ' and C -C ' 
transects are presented in Figures 35 and 36. respectively. Atop the northern plateau, 
despite the gradual decline in Md* with increasing distance, the S2 layer displays sudden 
and pronounced fluctuations in thickness and sorting in response to changing topography 
(Figure 31). No correlations exist between thickness and Md* or Fz. and only a weak 
association is seen between thicknesses and sorting (Figure 35). S2 deposits along the C-
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C' transect exhibit a very narrow range o f  Md* (3.6-4.2 <j>) and sorting (a*: 1.5-2.2). and 
display a unique correlation between proximity to the Sierra Madre c liff  and the amount 
o f fines enrichm ent (F2: 45-65 wt.°/n). Specifically, sample sites < 1 km from the 
escarpment ridge display F2 values >60 wt.% whereas deposits > 1 km downstream  from 
the c liff face have F2 values <50 wt.%.
Only two sites atop the northern plateau include S2 deposits that exhibit internal 
stratigraphy (71 and 18) (Figure 37). Both are located within 7 km from the vent, where 
the B-B' and C -C ' transects meet atop the northern plateau (Figure 5). Here, the S2 
deposits range from 9 to 12 cm in thickness, and have intricate cross bedding in the basal 
2-4 cm. m assive bedding in the m iddle 3-5 cm. and planar bedding in the upper 2-4 cm. 
Cross-bedded sam ples are the finest grained (Md*: 2.0 <j>) and best sorted (a*: 1.5) (Figure 
38). M assive layers are the coarsest-grained (Md*: 4.2 <j>): display m oderate sorting (o*: 
1.60). and contain the most am ount o f  fine material (1- 2: >65 wt.% ). The top. planar- 
bedded zone is the poorest sorted (o*: 2.38). and has interm ediate Md* and F2 values o f 
1.9 tp. and 21 wt.%. respectively.
G ranulom etric and com ponent analysis o f  all S2 deposits are organized and 
presented in Appendix II. Analysis o f  accidental lithic populations o f  the S2 surge deposit 
yield abundances sim ilar to those in the underlying P2 fall layer: 85-95 % surficial lava 
fragments. 4-10%  Granitic-clast lithics. and less than 5% Sierra M adre lithics (Figure 
10 ).
P3 and  P 4 fa l l  layers (the P3/4 fa l l  layer):
Imm ediately above the S2 deposit is the second fall layer o f  Phase II. the P3 fall
layer (Figure 28). The P3 and subsequent P4 fall layers were often m apped as one unit 
because they can only be differentiated at proximal and som e m edial localities where the 
S3 surge layer exists between them. True thickness and accurate dispersal for the P3/4 
layer is difficult to constrain because the top o f  the P3 layer is often eroded by the S3
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surge deposit and the P4 fall layer is often partially eroded by either subsequently 
deposited pyroclastie flow deposits or soil developm ent. Previous work by Gardner and 
Tait (2000) suggests that the dispersal o f  P3/4 are sim ilar to P2. and that its combined 
volume accounts for -8%  o f the total Jala Pumice volume ( '0 .5  km 3. DRE). Mass 
eruption rates during the deposition o f  the P3 4 fall layer are thought to have been 
between 1-4x10 kg s (Gardner and Tait. 2000).
The base o f  the P3 fall layer consists o f  a coarse-grain. well sorted, clast- 
supported. pum ice-lapilli layer, with pumice clasts up to 5 cm in diam eter at proximal 
locations (Figure 39). The base consists o f  approxim ately 38 wt.%  accidental lithics. with 
the remaining 62% being com posed o f  60-65%  W hite pumice. 25-30%  Gray pumice, and 
<8% Banded pumice. Md* and a 0 for the base o f P3 are -2 .9  and 1.29. respectively. P3 
exhibits normal grading, where the lithic content drops to approxim ately 25 wt.%. and the 
proportions o f  White. Gray, and Banded pumices are 60-65% . 30-35%. and <2%. 
respectively (Figure <8).
The lithic content at base o f the P4 fall layer is sim ilar to that o f  the top o f  P3. 
with approxim ately 30 wt.% lithics (Figure 39). The proportions o f  juvenile lapilli. 
however, are quite different. The abundance o f  W hite pum ice at the base o f  P4 accounts 
for >95 % o f the juvenile m aterial, whereas Gray pumice accounts for <5 %  o f the total 
juvenile content. Less than 1 % o f  the juvenile material is Banded pumice (Figure 8).
Md* and g * for the base o f  P4 are - 3.3 and 1.30 . respectively (Locality 18) .  P4 is 
reversely graded, with the lithic content o f  the top nearly exceeding 60 wt.%. and are 
equivalent in size to the lithics found at the base o f  P3. It is important to note that 
although fluctuations in the overall lithic content are observed through the P3 and P4 fall 
deposit, the 0 to 4.0 <(> grain size fraction o f  lithic content rem ains nearly constant. 
Therefore, observed increases in overall lithic wt.% correlate with an increase in coarse­
grained lithics only. The top o f  P4 also marks a return o f  abundant Gray and Banded 
pumice clasts. O f the juvenile material at the top o f  P4. <50%  is W hite. '4 0 %  is Gray.
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and > 10% is Banded pum ice (Figure 8). Md,), and o^ , for the top o f  P4 are -2 .9  and 1.28 at 
Locality 18. respectively.
Sim ilar to P2. Gray and Banded pum ices contain either lithic-rich cores or masses 
o f  lithics that have deform ed the banding textures. Lithics in the P3 and P4 fall layers are 
com posed o f  between 80-85 % surficial lava fragments. 2-10 % Granitic-clast lithics. and 
5-15 %  Sierra M adre lithics. The P3 and P4 fall deposits mark the first significant 
increase in Sierra M adre lithics.
S3 surge deposit:
The third and final surge deposit in the Jala Pumice sequence is the S3 surge layer 
(Figure 40). The S3 layer is found only within 5 km o f  the vent on the northern, 
northeastern, and eastern flanks. The total v olume o f  the S3 surge deposit is estimated to 
be <0.001 km ’ (D R F). accounting for <0.1 % o f  the total Jala Pumice volum e (Table I ).
Md,), and <r,t, v alues for S3 deposit plot across the "Pyroclastie Flow Deposit” and 
"Pyroclastie Surge Deposit" fields o f  W alker (1971) (Figure 15). N onetheless, we believe 
S3 is a surge deposit based on the abundance o f  armored lapilli (M oore and Peck. 1967: 
S elf and Sparks. 1978). com plex planar bedding (Fisher. 1979: Allen. 1984). sub-rounded 
pum ice clasts (Sigurdsson et al.. 1987). and variations in thickness in response to changes 
in topography (Valentine. 1987: Fisher. 1990).
Proximal layers o f  S3 are pinkish-gray and display an intricate internal 
stratigraphy (Figure 40). The lower 30% o f  the bed is typically a m assive, matrix 
supported, pum ice-and-arm ored-lapilli-bearing layer. The m iddle 30% usually reversely 
grades upward into a section o f  repeated planar beds that contain coarse-grained pumice 
and accretionary lapilli (up to 1.1 cm  in diam eter). Pumice and lithic proportions are the 
same as those observ ed in the m iddle region o f  the P3/4 fall layer, with abundant Banded 
and Gray pumices. The upper 30%  o f  S3 grades normally into a zone o f  repeated fine to 
very fine-grained lam inations o f  alternating lithic and ashy layers.
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At medial localities, the S3 surge deposit exists only as a 3-4 cm -thick. light- 
pinkish-gray coating o f  ash on pumice clasts in the m iddle o f  the P3/4 fall deposit (Figure 
28). No indication o f  the S3 surge layer is observed in distal localities.
Ow ing to its lim ited distribution, only 4 sam ples o f  S3 were collected and 
analyzed, all o f  w hich lie along the A -A ' transect. These sam ples exhibit a bimodal 
distribution o f  Md<|> and F2. and a wide range o f a<j> and thickness. Like the S2 surge 
layer. S3 at Locality 1. at the break in slope between the near-horizontal Jala valley floor 
and the eastern flank o f  Ceboruco. is anom alously fine-grained (Md*: 4.1 ). well sorted
(a*: 2.0). and fines enriched (F2: >50 wt.% ) (Figure 41). Also like the S2 layer. S3 at 
Locality 1 is anom alously thick (194 cm) (Figure 30).
5.3. Phase 111:
The deposits o f  Phase 111 include (1) the M arquesado Pyroclastie Flow deposits. 
(2) the P5 and P6 fall deposits. (3) the North-Flank Pyroclastie Flow deposits. (4) the 
distally deposited c l  and c2 Co-ignim brite fall beds, and (5) the proxim ally deposited L I. 
L2. and L3 lithic-fall deposits, which cap the Jala Pum ice eruptive sequence.
The M arquesado Pyroclastie Flow deposits:
The M arquesado Pyroclastie Flow sequence consists o f  relatively thick, valley-
filling ash-flow  deposits (1-10 m each) that are dispersed down the more gradually sloped
southern flanks o f  Ceboruco onto the Ahuacatlan and M arquesado valley floors (Figure
5). Sam pling o f  the M arquesado on the upper flanks is difficult because o f  the burial o f
the deposits by subsequently emplaced lava flows. Flowever. sampling from this study
indicates that M arquesado is present at the westernm ost locality on the southern
Ceboruco flank (Locality 52. see Figure 42).
Nelson (1980) and Gardner and Tait (2000) estim ated the volume o f  the
M arquesado deposits to be -0 .12  km3 (DRE). which would account for <3 % o f  the total
erupted volum e o f  the Jala Pumice. We find that this approxim ation is an overestim ate:
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for the am ount o f accidental lithic fragm ents that were subtracted in the conversion from 
tephra to m agm a volume in the previous study was 20-40 wt.%. Com ponent analysis o f 
13 M arquesado deposits from this study, yield an average lithic concentration in excess 
o f  70 wt.%. Using a lithic concentration o f '7 0  wt.%  yields a conservative magma 
volume o f  '0 .0 7  km ’ for the M arquesado deposits, w hich would account for <2%  o f  the 
total Jala Pumice volume (Table 1).
Proximal deposits o f  the M arquesado tlow  deposits on the fringe o f  the southern 
edge o f  the outer caldera rim consist o f  at least 3 dark-pinkish-gray, m atrix-supported, 
intricately stratified, ash-rich beds, typically 12-16 cm thiok. The beds truncate Phase II 
layers (the P2 and P3/4 fall deposits, and the S3. S2. and very top o f  the SI surge layers). 
The basal and middle layers are planar-bedded with beds composed o f  fine-grained lithic 
fragments and fine-grained, sub rounded W hite. Gray, and Banded pum ice clasts 
interbedded with ash-rich layers (Figure 43). The upper layer is typically m assive with 
thin and faint lam inations rich in glass shards. The lithic populations are enriched in 
Sierra M adre (>10 vol.%) and depleted in Granitic-clast lithics (<1 vol.% ). which match 
those o f  medial M arquesado deposits and contrasts with Phase 1 and II deposits. The 
proximal Hank deposits are. however, significantly finer-grained (Md* o f  2.1-4.2). better 
sorted (a*: 1.50-2.31). and more fines enriched (F2: 55-65 wt.%). com pared to the valley- 
fill deposits (Figure 44). At least 2 layers o f  equivalent thickness, color, and internal 
stratigraphy persist across the southern flank to the east, always rem aining 
stratigraphically above the deposits o f  Phases I and II. No samples o f  those beds were 
collected, and so correlation is only tentative.
Near the village o f  M arquesado on the southwest side o f Ceboruco. the 
M arquesado deposits consist o f  at least 3 graded units, typically 6-8 m thick each (Figure 
45). Each flow unit is vertically and laterally graded from a basal, m atrix-supported, lag 
breccia that commonly accounts for '2 5  %  o f  each unit's  thickness, to a pinkish-gray, 
m assive, poorly sorted, m oderately ash-depleted zone (Figure 46). Blocks in the lag
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breccia are prim arily andesitic to dacitic lava fragments, similar to those found on 
Ceboruco. Volume estimates from point counting photographs indicate that 35-45 % o f 
the deposit is matrix (Figure 47). Lag breccias extend as a lobe at the base o f  the 
M arquesado PFD ’s. and are found up to 9 km from Ceboruco. Lag breccia layers become 
thinner and become finer-grained with distance, and individual blocks become 
increasingly rounded (Figure 48). M edially, lithic blocks are angular to sub angular, 
account for -9 0  wt.% in the breccia zone, and average -9  cm in diam eter, although 
blocks up to 180 cm in diam eter are found. Sm aller lithic fragments (<10 cm in diameter) 
are com m only sub-angular to sub-rounded. Pumice clasts are usually rounded, and 
average <2.5 cm in diameter, and are often segregated into oblong pumice lenses between 
2 m and 15 cm long. Isolated pum ice clasts are rare and are also rounded, averaging <0.5 
cm in diam eter. Pumices are composed o f  White (-75% ). Gray (-20% ). and Banded 
(-5% ) types (Figure 8). Lithic populations o f  these deposits are com posed o f  80-90% 
surficial lava fragments. 7-12% Sierra Madre lithics. and less than 3% Granitic-clast 
lithics (Figure 10).
The flow body, located above their lag breccia counterpart is massive, poorly 
sorted, and medially contains lithic fragments <32 mm in diameter. Granulom etric and 
com ponent analysis o f  this upper layer indicates that it is identical to the matrix o f the lag 
breccia in terms o f  Md*. a*. Fz. pumice and lithic content, and pum ice and lithic 
populations (Figure 49).
Periphery M arquesado units observed at localities only 6.5 km from vent on the 
southern and eastern edge o f  exposed flow deposits exhibit no lag breccia (Figure 50). 
Flere. the base o f  M arquesado deposits are com posed o f  at least 3 massive, poorly sorted, 
m oderately-ash-rich tlow units, typically 3-4 m thick each. Lag-breccia-free deposits 
contain more juvenile pumice (up to 30 wt.% ). and in general, pum ice clasts are typically 
coarser-grained and more angular, com pared to those in lag-breccia-bearing deposits. 
Lithic fragments av erage -3  cm in diam eter, and account for between 60 and 75 wt.% o f
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each flow deposit. The lowermost unit is light gray, whereas the upper two flow units are 
a darker grayish tan. Component analyses from each unit indicate, however, that there is 
no significant variation in lithic content, pum ice content, or pumice population. A thin 
(<10 cm), nearly clast-supported, layer o f  m edium -to-coarse-grained pumice lapilli exists 
between the first and second flow units (fig u re  50). These pumice-rich beds m aintain a 
relatively constant thickness in outcrop ( '5 0  m). and do not contain sub-rounded or 
rounded pum ice clasts, like the pumice lenses com m on to flow deposits. Pumice 
populations in this layer are composed o f  W hite pumice ( '6 5 % ). Gray pumice ( '2 5 % ). 
and Banded pum ices ( '1 0 % ). sim ilar to the P5 and P6 fall layers o f  Phase III.
The Sorth-F lank Pyroclastie Flow deposits:
Pyroclastie flow deposits that uneonform ably overlie the Phase II fall and surge
deposits at the proximal north-flank exposures, and are found atop the P3M fall layers at 
m edial localities atop the northern plateau, are referred to here as the North-Flank flow 
deposits (Figure 51). These deposits account for less than 0.1%  o f the total erupted Jala 
Pumice volume (Table I ).
The North-Flank pyroclastie flow deposits consist o f  at least 4 units (F1-F4) o f  
increasing thickness ( '3 0  cm to >2 m) and grain-size with height (Figure 52).
Proxim ally. each layer is dark gray, predom inantly massive, relatively coarse-grained 
(Md*: -2.9 to 0.2). poorly sorted (a*: 2.90-3.55). and lithic rich ( '7 0  wt.% lithics) (Figure 
53). The upper 2 units (F3 and F4) are norm ally graded from a coarse-grained, lithic-rich 
breccia to a m assive, poorly sorted bed which is very sim ilar in composition and modal 
distribution to the lower two units (FI and F2. see Figure 54). At many exposures, the F4 
flow unit scours into the previously em placed Phase I and II deposits (Figure 51).
Proximal North-Flank deposits typically contain lithic fragments <6 cm in 
diam eter. Pum ice clasts average 2.5 cm in diam eter, but may range from 0.25 mm up to 5 
cm  in one deposit. Lithic populations are com posed o f  betw een 83 and 88 % vent-derived 
surficial lava fragments. 8-15% Sierra M adre lithics. and <3%  Granitic-clast lithics
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(Figure 10). Pumice populations are equivalent to other Phase III deposits with W hite 
pumice accounting for up to 75%. and Gray and Banded pum ices accounting for up to 
20% and <10% respectively (Figure 8). Pumice clasts are typically sub-angular to sub­
rounded. and are often segregated into oblong lenses 0.5 to 1 m in length.
Medial exposures o f  the North-Flank deposits atop the northern plateau 
(Localities 18. 71. and 82) are composed o f  one. dark gray, planar stratified, moderately 
sorted unit that ranges in thickness from 18 to 26 cm (Figure 17). Imm ediately above the 
unit is between 30 and 50 cm o f  pum ice-bearing soil. It is not clear if  the medial layer 
correlates to one or m ore o f  the one the 4 proximal deposits. M edial deposits consist o f  a 
basal layer that appears to have partially eroded the upperm ost part o f  the P3/4 fall layer, 
with repeated (at least 3) planar bedded layers that start between 1 and 2 cm above the 
base. F.ach planar bed sequence is typically 6-8 cm thick, and is com posed o f  layers o f  
coarse-grained (2-8 mm diam eter) pumice lapilli and lithic fragm ents alternating with 
massive, ash-rich beds. Flow deposits on the northern plateau are typically finer grained 
(Md«: -0.7 to 2.4). and are slightly better sorted (cr*: 2.4 to 2.9) than proxim al deposits 
(Figure 53). F2 values from medially located samples range from 18 to 35 wt.% . Lithic 
content decreases slightly atop the plateau (29-60 wt.% ). and the overall pum ice content 
increases from <10 wt.%  up to -25  wt.%  (Figure 54). Lithic and pum ice populations 
found in the medial deposits are the same as those found on the northern flanks.
P5 am i P6 fa ll  layers:
The P5 and P6 fall deposits are rarely observed because o f  their limited
distribution and erratic preservation. Proximally. N orth-flank pyroclastie flow deposits 
F3 and F4 are interbedded with P5 and P6. At distal locations, the two fall layers remain 
separated by a co-ignim brite fall deposit (cl )  (Figure 52). G ardner and Tait (2000) 
suggest that the com bined P5/6 fall layer was dispersed more to the east than the P3/4 
fall. Neither P5 nor P6 were sampled, but they appear finer grained and contain sim ilar 
lithic concentrations to both the P2 and P3/4 fall deposits.
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The distally located c l  and c2 co-ignimhrite fall layers:
There are at least two distally located co-ignim brite fall layers, which are <10 mm
thick and pinkish-tan in color (Figures 17 and 52). The layers are fine-grained (Md*: 0.4
to 3.2). and arc predom inantly composed o f  fine-grained lithic fragments, broken
crystals, and glass shards. Deposits are m oderately-to-w ell-sorted (a^: 1.4 to 2.4).
enriched in fine material (FZ: 28-48 wt.%). and contain 70-85 wt.% lithics (Figure 55).
The c l  and c2 layers are thickest near the town o f  F.l Aguacate. located approxim ately 25
km north-northeast o f  Ceboruco. where c l  separates the P5 and P6 fall layers. Lithic
populations o f  the c l  and c2  layers are composed o f  80-85%  lava fragments. 5-10%
Sierra Madre lithics. and <1% Granitic-clast lithics (Figure 10). Pumice populations o f
the c l  and c2 layers are typically made up o f  60-75%  W hite pumice. 20-40%  Gray
pum ice, and <10%  Banded pumice (Figure 8).
The locally deposited LI. L2. and L3 Lithic fa ll  layers:
The upperm ost stratigraphy o f  Phase III and the Jala Pumice sequence is
com posed o f  at least 3 lithic-fall beds interbedded w ith at least 2 ash-rich beds, all o f
which are observed only in proximal locations (Figure 56). There may be more exposures
o f  these deposits for they have only been observed, described, and correlated to the Jala
Pumice recently because o f  new ly exposed stratigraphic sections that have been
uncovered through the construction o f  a highw ay that passes w ithin I km o f  the northeast
Hank o f  Ceboruco. The L I. L2. and L3 deposits are erratically dispersed and are
com posed o f  non-graded. m oderately-to-poorly sorted, clast-supported, coarse-grained.
ash-depleted, lithic-rich fall deposits that range in thickness between 14 and 21 cm. The
lithic content typically ranges from 60 to 80 wt.%. w ith one L3 sample containing more
than 90 wt.%  lithics (Figure 57). The lithics in L I. L2. and L3 are 80-90 wt.% lava
fragments. 9-20 wt.%  Sierra Madre lithics. and less than 1% Granitic-clast lithics. Pumice
populations are less than 50% White pum ice. 50-65%  Gray pum ice, and 4-5%  Banded
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pumice. Gray pumices greater than -1.5 (j) in size often have lithic-rich cores, which may 
account for >30 % o f their volume. Md* and a* values for these deposits range from -1.1 
to -3 .2  <(>. and 1.42 to 3.10 respectively (Figure 15).
The LI - L3 fall layers are interbedded with at least 2 ash-rich layers. These layers 
are typically gray to light gray, pum ice-lapilli bearing, and cross-bedded, with thin (0.5- 1 
cm) beds o f  lithic-rich and ashy alternating sequences at the base, and thin (<0.3 cm) 
laminated beds o f alternating sandy, lithic-rich zones and ashy, lithic-poor zones at the 
top. The deposits are all tine grained (Md*: 1.9 to 2.85). moderately well sorted (c*: 1.40 
to 2.70). and are modestly enriched in tines (F2: 20 to 25 wt.%) (Figure 57). No 
accretionary lapilli are observed. The lithic content o f  these deposits typically range from 
65-75 wt.%. The lithic population o f  the 2 ashy beds consist o f between 80- 90 wt.% 
surficial lava fragments. 10-20 wt.%  Sierra Madre lithics. and less than 1% Granitic-clast 
lithics. Pumice populations o f  the 2 ashy beds consist o f  less than 40%  W hite pumice. 60­
65%  Gray pumice, and 4-5%  Banded pumice.
6. The Transport and Deposition o f Pyroclastie .Material
The transport and deposition o f  particles from the fall. tlow. and surge deposits o f 
the Jala Pumice sequence are all m odeled based on how mass accum ulation o f  particles 
(lithics and crystals) in a given range o f  grain sizes vary with distance. Density currents 
that display an exponential decrease in mass accumulation. .S'(Equation 2). with distance 
indicate transport and deposition o f  material via turbulent suspension, w hereas density 
currents that display relatively constant mass accum ulation values. S. with distance 
indicate en masse transport and deposition (Figure 58).
6.1. The Transport and Deposition o f  the Jala Pumice Pvroclastic Fall Deposits
The presented model o f  transport and deposition o f  pyroclastie material in a 
volcanic plume fundamentally requires steady and constant volume flux (Sparks. 1991:
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Bursik et al.. 1992b). Deposits that display no grading or fluctuations in com ponent 
abundance with distance suggest that they were deposited from a stable and relatively 
constant eruptive plum e (Carey and Sparks. 1986). Therefore, layers that are modeled 
must not be extensively graded and must easily correlate with distal deposits to ensure 
accurate sampling. Few layers in the Jala Pumice meet these requirem ents. Nonetheless, 
the layers that were selected from the Jala Pumice for this model are (1) the basal -10%
o f the PI fall layer. (2) the upper -10%  o f  the PI fall layer, and (3) the lithic-rich base
(LRB) o f the P2 fall layer because o f their wide dispersal and distinct position in the Jala 
Pumice. All calculations used to model the mass accum ulation. S. o f  particles at distance. 
r. from the fall layers utilize the mass accum ulation o f particles from Locality 18 as 
representing So. at distance. / „. because o f  the approxim ation by W oods (1998):
/•„ -  0.25 /-/«. (4)
and Sparks et al. (1997):
H r - 0 . 2 5 .  (5)
where Hr  is the top o f  the um brella region o f  the eruptive cloud and Hh is the base 
(Figure 2). Colum n height (Hr) was estimated from m axim um  lithic clast dispersal 
calculated by G ardner and Tait (2000). based on the model described by Carey and 
Sparks (1986). and then converting column height to mass eruption rate (O)  using the 
relationship. Hr  -  Q  14 (Sparks. 1986). Hence, for the m ajority o f Phase 1 and II o f  the 
Jala Pumice eruption. r„ is approxim ately 6 km.
Results from calculations o f  mass accum ulation o f  particles with distance show 
distinctly different patterns for lithic and crystal particles in the base and top layers in PI 
(Figure 59 and 60). M ass accum ulation o f  coarse-grained lithics (-2.5. -2.0. -1.0 <j>)
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displays an exponential decrease in sedim entation with distance, whereas lithic clasts 
finer than -1 .0  tt> show a faint increase in sedim entation with distance, opposite to what is 
predicted. Mass accum ulation o f  crystals with distance show significantly better 
agreem ent with model predictions for sedim entation via dilute and turbulent suspension.
Mass accum ulation calculation results o f  lithics and crystals with distance show 
sim ilar patterns for the LRB o f  the P2 fall layer (Figure 61). Similar to the mass 
accum ulations o f coarse-grained lithics (-2.5 and -2 .0  tb) in PI deposits. P2 lithic 
particles display an exponential decrease in sedim entation with distance, whereas lithic 
clasts finer that -2 .0  (D show a faint increase, opposite to that which is predicted. Mass 
accum ulation o f  crystals with distance show an exponential decrease in sedim entation for 
finer-grained crystals (2.0. 1.5. 1.0 d>). w hereas crystals coarser than 0.0 (J> slightly 
increase, also opposite to that which is predicted by the model.
This finding can be explained. In the model presented by Sparks (1991) and 
Bursik et al. ( 1992b). it is show n that the mass accum ulation o f  particles with distance 
will exponentially decrease for all grain-sizes if sedim entation occurred from a dilute and 
turbulent current. Thus, it is required that the mass o f  particles o f e v e n - grain-size be 
represented at each locality beyond the plum e corner. The LRB o f the P2 layer marks the 
peak in mass eruption rate in the Jala Pumice, im plying a greater plume height. W oods 
(1988) showed that the distance from the plum e axis to the plume corner. /•„. is a function 
o f  colum n height (Equation 4). Increasing the height o f  the eruptive plume may have 
extended the plume corner beyond the distance o f  Localities 18. 50. and 1. resulting in .S',; 
values used in the accum ulation calculations that are inadequate. Calculations show that 
/-„ would be located approxim ately 5.25 km from vent during the deposition o f  P I. and 6 
km from vent during the deposition o f  the LRB o f  P2 in response to the increased column 
height (Hr  o f  PI top -  28 km. Hr o f  LRB -  31 km). Such small increases in r„ are 
considered to be negligible considering the error in the method (Carey and Sparks. 1986: 
Carey et al.. 1990). Nonetheless, the estim ated r„ value range o f  5.25-6 km indicates that
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
Localities 18. 50. and possibly 1 (3.4. 3.6. and 6.7 km respectively) would be located 
inside the plume comer. Deposition o f  material inside the plume com er may be chaotic 
and random, resulting from ballistic fallout o f  particles from the convective region o f  the 
plume, rather than the um brella region (Pyle. 1989: Sparks 1991: Bonadonna et al..
1998). Removing Localities 18. 50. and 1 from the mass accum ulation calculations for 
crystals in P2. and using Locality 29 as S,, displays an exponential decrease in 
sedim entation with distance (Figure 61 C and D). This indicates that crystals o f  the LRB 
o f P2 were deposited from a dilute and turbulent current, at least beyond the plum e 
corner, located at some point between Locality 1 and Locality 29.
A more general explanation for the nature o f  lithic m ass accum ulation with 
distance in all fall layers is that it may be a function o f the diversity in lithic types in the 
Jala Pumice. Surficial lava fragments account for vast majority o f  the lithic content 
(>70%  in P I. and >90%  in P2). However, the vesicularity o f  surficial lithic fragm ents 
range from 0 to -70%  as a result o f  the Phase 1 and II lithic population prim arily being 
composed o f  scoria, dense andesite. and poorly vesiculated lava fragm ents. Scoria 
dom inates the fine-grained lithic populations (finer than 0.0 <j>). whereas dense lava 
fragments account for the majority o f  the coarser-grained lithics (coarser than 0.0 ((>). This 
inconsistency in lithic density with grain-size may have affected the accuracy o f 
conversions o f  "lithic-counts" to lithic weight fractions, resulting in overestim ates o f  
particle mass for finer-grained scoria lithics.
Results from calculations o f  mass accum ulation o f  cry stals with distance show 
significantly better agreem ent with the model predictions from the base and top o f  P I. 
indicating that both layers were deposited from a dilute, turbulent particle-gas mixture. 
Crystals from the LRB o f  the P2 layer, however, do not display sedim entation patterns 
consistent with predictions from the model. One explanation for this deviation m ay be 
that the model o f  Sparks (1991) and Bursik et al. ( 1992b) requires deposition from a 
plume o f  constant flux. Although the Lithic-rich base is easily identified at all localities
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and can be found >30 km from vent, the eruptive plume that deposited the Phase II 
stratigraphy was unstable and irregular in intensity as evidenced by the abundant grading, 
cyclic variation in overall lithic content, and changing pum ice-types. especially in Gray 
pum ice (Sigurdsson et al.. 1985: Carey and Sparks. 1986: Sparks et al.. 1991). This 
suggests the possibility that the deviation in mass accum ulation trends for the LRB o f  P2 
data from the model predictions may unfortunately result from sam pling errors. Despite 
the ease in recognizing the P2 LRB proximally. it is less than 6 cm beyond 15 km and <2 
cm at Locality 70. making the selective removal o f  loosely packed, clast-supported 
pumice and lithic clasts problematic.
In any case, particles o f equal density from the layers in the most stable and 
uniform deposit o f  the Jala Pumice. P I. display an exponential decrease in sedim entation. 
.S’, with distance for each grain size. This can only be explained by deposition from 
turbulent suspension, because continual mixing accom panying deposition is the only 
process to result in an exponential decrease in particle concentration within a dilute 
current (Bursik et al.. 1992a). This conclusion is in favor o f  turbulent transport and 
sedim entation from a dilute medium.
6.2. The Transport and Deposition o f  the Pvroclastic Flow Deposits
Pyroclastie tlow deposits are thought to tlow either as tluidized m asses (Sparks. 
1976: W ilson. 1980: W ilson and Walker. 1982). or as turbulent clouds (Fisher. 1979: 
Fisher and Heiken. 1982). To test if  particle transport and deposition in Jala Pumice 
pyroclastie flows is dom inated by fluidization or turbulent suspension, mass 
accum ulation m easurem ents were made on a series o f  6 M arquesado flow deposits that 
extend to the west o f  Ceboruco from 6.5 to 12 km and m odeled in the same way as the 
pyroclastie fall deposits as outlined above. Because pyroclastie flow clouds have no 
"com er" point where sedim entation begins. S„ is assum ed to equal the first profile in the 
sequence (Bursik et al.. 1998). Mass accum ulation calculations for M arquesado deposits
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are from samples taken from the m iddle tlow unit lag breccia and tlow  body, not the bulk 
tlow deposit.
Results from the analysis o f  sedim entation from the middle M arquesado 
pyroclastie deposits display exponential trends for the coarsest lithic particles and 
horizontal trends for the rem aining grain sizes o f  both lithics and crystals (Figure 62). 
suggesting that whereas the coarsest lithics appear to be deposited via dilute suspension, 
the majority o f particles were em placed via en masse freezing in each layer. Lateral 
extent o f  the North-Flank PFD 's is lim ited, disallow ing a meaningful m odeling attem pt to 
com pare to M arquesado deposits.
6.3. The Transport and Deposition o f  the Pvroclastic Surae Deposits
Com pared to pyroclastie flow deposits, surge deposits are often better sorted (a*), 
display a more systematic decrease in Md* with distance, and display elaborate internal 
sedim entary structures that provide critical insight into the m echanism s by which 
particles are transported and deposited (Sparks. 1976; W ohletz and Sheridan. 1979: 
Fisher. 1986. 1992: Allen. 1984; Cole. 1991). Because o f  these observations, pyroclastie 
surges are considered to be low-concentration. turbulent currents (Fisher. 1979. 1992; 
Valentine. 1987).
Recent studies suggest that a key to resolving the dynam ics o f  pyroclastie surges 
com es from careful analysis o f  deposits in regions o f  highly variable topography, because 
topography almost certainly exaggerates the developm ent o f  density stratification w ithin 
pvroclastic clouds (Kieffer. 1981: W alker. 1983: Fisher. 1990: Levine and Keiffer. 1991; 
Druitt. 1992: Woods et al.. 1998: Bursik et al.. 1998). To address this, we have performed 
a com prehensive study o f  the transport and depositional m echanics over the complex 
topography (150-240 m vertical relief) o f  the northern plateau (B -B ') for SI and S2. as 
well as the eastern flank (A -A ') for S2 and S3.
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M ass accum ulation calculations o f  particles from SI deposits along the B-B' 
transect are presented in Figure 63 (A and B). Except for the coarse-grain sizes, mass 
sedim entation o f  lithics in SI does not decrease exponentially with distance, suggesting 
en masse  deposition. M ass accum ulations o f  crystals from SI also display no systematic 
exponential decrease in sedim entation with distance. No system atic horizontal trend is 
observed, however, im plying that transport and deposition was neither en masse  nor from 
turbulent suspension. To see if  this is the result o f  flow blocking and excess 
sedim entation dow nstream  atop the plateau (Fisher. 1990: W oods et al.. 1998). the first 
location (Locality 12) was removed from the calculations at the first site. /•„. along the 
traverse and replaced w ith Locality 18. which is located im m ediately atop the ridge crest 
(Figure 63 C and D). A lthough these results display an overall decline in mass 
accum ulation with distance for each grain size with distance, the trends rem ain somewhat 
variable. This continued deviation o f  accum ulating particles in the SI surge deposits from 
the model outlined by Sparks et al (1991) and Bursik et al. ( 1992b: 1998) suggests that 
the SI surge layer was not solely deposited from a dilute cloud.
Mass accum ulation calculations o f particles from the S2 surge deposit was 
performed along the A -A ' eastern flank transect and the B -B ' plateau transect. Along A- 
A '. mass sedim entation trend lines o f  lithic and cry stal particles decrease exponentially 
with distance, however, m ass accum ulation values for both particles are sporadic (Figure 
64). This suggests that transport and deposition o f  m aterial from S2 did not result via 
settling from turbulent suspension. Although mass accum ulation values display an overall 
trend o f  decreasing deposition, it is not clear if  sedim entation occurred via en masse 
freezing, however, because o f  the irregularity and random  distribution o f  mass 
accum ulation values for both lithic and crystals with distance. Furthermore, the 
occurrence o f  w ell-developed cross bedding and planar-bedding in the proxim al S2 
deposits makes en masse  transport and deposition very unlikely (Fisher. 1986. 1990: 
A llen. 1984: Cole. 1991).
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Along B -B '. the mass accum ulation o f  lithics and crystals from the S2 surge layer 
display an overall decline in sedim entation with distance, but the mass accum ulation 
values are erratic in distribution (Figure 65. A and B). As with the SI surge layer, the first 
location (Locality 12) was removed from the calculations as the first site. r„. and replaced 
by Locality 18 to see if  this results from How blocking and excess accum ulation on the 
upstream  side o f  the northern escarpm ent compared to the accum ulation atop the plateau 
(Figure 65. C and D). In this case, the mass accum ulation o f  crystals with distance does 
appear to decrease exponentially as predicted by Equation (2). This exponential decrease 
in sedim entation with distance can be explained only by deposition from turbulent 
suspension, because continual mixing accom panying deposition is the only process to 
result in an exponential decrease in particle concentration w ithin the transport m edium  
(Sparks et al.. 1991. Bursik et al.. 1992b: 1998).
M ass accum ulation calculations o f  particles from the S3 surge deposits were only 
performed along the A -A ' eastern Hank transect, owing to its limited distribution (Figure 
66). Mass sedim entation o f  neither lithic nor crystal particles decrease exponentially with 
distance for any grain size. This suggests that transport and deposition o f  material did not 
result via settling out o f  turbulent suspension. It is not clear if sedimentation occurred via 
en mctsse freezing in place, however, because o f  the irregular and random distribution o f  
mass accum ulation values for both lithic and crystal particles with distance. Furtherm ore, 
sedim entation from the S3 surge appears to increase with distance, which is 
uncharacteristic o f  en masse freezing (Sparks. 1976: W ilson and W alker. 1982). The 
occurrence o f  well-developed planar bedform s in proxim al S3 deposits makes en masse 
transport and deposition very unlikely (Fisher. 1986. 1990: Allen. 1984: Cole. 1991).
7. Discussion
Interpretations o f  the three phases o f  the -1000  A.D. caldera-forming eruption are 
presented, and conceptual models for the transport and depositional mechanics o f
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pvroclastic material o f  the pvroclastic fall. tlow. and surge deposits o f  the Jala Pum ice are 
evaluated.
7.1. Interpretation o f  Phase 1 D eposits:
Phase I deposits are the consequence o f  material settling from a progressively 
intensifying and then suddenly stalling Plinian eruptive column. Following what appears 
to have been a short-lived, low energy vent clearing stage as evidenced by the small size 
o f  clasts enriched in vent derived lithics and the thin, elongated dispersal pattern o f  PG. 
Phase I deposits reversely grade for -60%  o f  the deposit thickness and then abruptly 
decrease in grain size at the top. Accidental lithic abundance parallels the gradual 
increase in overall grain size, yet never exceeds 15 wt.% o f  the deposit. This suggests a 
gradual rise o f  the eruptive plume as the magma output became more intense, followed 
by a period where the eruption seems to have briefly stalled, as evidenced by the thin, 
pumice-rich layer whose dispersal matches that o f  the rest o f  the PI deposit. This 
pumice-rich layer represents the very end o f  Phase I.
Phase I deposits have a total lithic content o f  <30 wt.% in PO and -1 5  wt.%  in PI. 
Compared to deposits o f  the following phases. Phase I iayers contain an accidental lithic 
population, which is mainly vent-derived surficial lava fragments (70-80% ). and the 
highest abundance o f  Granitic-clast lithics (15-30% ). w ith few Sierra M adre lithics 
(<2%). Also. Phase I pumice populations contain the greatest am ount o f  W hite pum ice 
(>90%). with very m inor amounts o f  Gray and Banded pum ices (2-4%  and 0.5-2%  
respectively).
Based on the subsurface stratigraphy o f  the area surrounding Volcan Ceboruco 
from Thorpe and Francis (1975). Nelson (1980). and M oore et al. (1994). the 
predominance o f  surficial lava fragment and G ranitic-clast lithics suggests that during 
Phase I. lithic erosion and entrainm ent occurred mainly at m agm a cham ber depths and at 
the vent (Figure 7). A lternatively, the least am ount o f  erosion and entrainm ent o f
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accidental lithics into the eruptive column occurred at medial depths, because Phase I 
deposits have the least amount o f Sierra Madre lithics com pared to the other phases.
1.2. Interpretation o f  Phase 11 Deposits:
G ardner and Tait (2000) speculate that the lithic-rich fall layer immediately atop 
the fine-grained pum ice bed o f PI represents the renewal o f  the briefly stalled eruption, 
and not the continuation o f  the waning PI deposit. This study agrees with that, for it 
explains the sim ilarities between the dispersal o f  the lithic-rich level to the initial layer o f 
Phase I. PO. and the sudden abundance o f accretionary lapilli. which is not present in PI. 
In addition, the lithic population o f  this layer is predom inantly vent-derived surficial lava 
fragments (>95% ). with few Granitic-clast and Sierra M adre lithics (<4%  and <1%. 
respectively), unlike the PI deposit. Gardner and Tait (2000) also suggest that this lithic- 
rich layer may represent the start o f  the caldera-form ing eruption as evidenced by several 
other eruptions that display abrupt increases in lithic content. Sudden abundance o f  lithics 
and lack o f  juvenile material is commonly regarded as an indication o f  active cratering 
and subsequent vent erosion that commonly accom panies initial caldera collapse (Bacon. 
1983: Druitt. 1985: Paladio-M elosantos et al.. 1992: Feirstein and Hildreth. 1992: Rosi et 
al.. 1993). This layer is. however, a thin, fine-grained, individual fall deposit that 
corresponds to a single and abrupt increase in lithic content, rather than a gradual 
increase throughout a deposit. This certainly suggests that the lithic-rich base o f Phase II 
was deposited from a discrete explosion separate from P I. and was at least partially 
phreatom agm atic. that renewed this eruption and subsequently resulted in the 
em placem ent o f  the S 1 surge deposit. However, this study finds that the lithic-rich fall 
layer at that base o f  Phase II more likely reflects a reinitiating o f  the Jala Pumice 
em ption. whereas the P2 fall layer more likely directly correlates to the onset o f  caldera- 
collapse.
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Phase II deposits above the lithic-rich fall layer are composed o f  a com plex 
sequence o f  interbedded Plinian fall layers (P2. P3. and P4) and three pvroclastic surge 
deposits (S I. S2. and S3). Despite the sim ilarities in fall deposit dispersal and eruption 
colum n heights (Gardner and Tait. 2000). Phase II fall layers display significant 
fluctuations in pumice types, lithic types, lithic content, and calculated mass eruption 
rates, compared to Phase I. This suggests that the fall deposits o f  Phase II were deposited 
from an eruptive colum n that becam e increasingly unstable with time as evidenced by the 
dram atic changes in grain-size and occurrence o f  repeated surge deposits (Sigurdsson et 
al.. 1985: Carey and Sparks. 1986: Sigurdsson et al.. 1987: Sigurdsson et al.. 1990b). The 
large variation in pum ice types between layers, especially marked by an abrupt influx o f  
Banded pumice clasts, also suggests the active removal o f  different magm a com positions 
was accom panied by conduit-flow  mixing (Sigurdsson et al.. 1985: Blake and Ivey. 1986: 
Freundt and Tait. 1986: Sigurdsson et al.. 1990b). In addition. Gray and Banded pum ices 
found in Phase II often contain cores o f fine-grained lithics. suggesting an influx o f  lithic 
material into the erupting m ass during withdrawal. Lastly, the coarse-grained lithic 
content observed in Phase II deposits are -3  lim es greater compared to Phase I layers, 
signifying an abrupt flux o f  coarse lithic material into the Phase II eruptive colum n 
beginning at the base o f  the P2 fall layer, w hich likely marks the initial onset o f  ealdera- 
collapse. Although the overall lithic content increases sharply from Phase I to Phase II. 
the increase in lithic fragm ents ranging from 0-4.0 <p in diam eter remains relatively 
constant through the rem ainder o f  Phase II. This may be significant in understanding a 
m echanism  o f caldera-form ation that has yet to be fully appreciated.
Phase II deposits exhibit different lithic populations than Phase I. suggesting a 
change in the region o f  m ost extrem e accidental lithic erosion and entrainm ent. Phase II 
lithic populations show a large reduction in the distribution o f  Granitic-clast lithics 
(<6% ). an increase in the abundance o f surficial lav a fragments (>88% ). and a steady 
increase in the am ount o f  Sierra Madre lithics (2-6% ) com pared to populations observed
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in Phase I. This suggests that the majority o f erosion and entrainm ent o f  accidental lithics 
occurred at the vent, with lesser amounts occurring around the m agm a cham ber and at 
medial depths, possibly resulting from preliminary structural foundering near the surface 
(Suzuki-Kam ata et al.. 1993) (Figure 7).
Pvroclastic surge deposits occur throughout Phase II. The SI layer rests atop a 
thin (<1 cm), lithic-rich. accretionary-lapilli-bearing. clast-supported fall layer whose 
dispersal m irrors that o f  the PO deposit. This layer represents the onset o f Phase II that 
subsequently deposited the SI surge layer. SI is an arm ored-and-accretionary-lapilli- 
bearing. ash-rich layer that is predominantly free o f  pumice lapilli. invariably massive, 
moderately to poorly sorted, and contains no charred organic material. This suggests a 
low tem perature, phreatom agm atic origin for SI (W aters and Fisher. 1971: Self and 
Sparks. 1978). Unlike S I . both S2 and S3 are moderately sorted, pum ice-lapilli-bearing 
layers that vary strongly in Md*. a^. and thickness with distance and local topographic 
changes. Armored lapilli are present in S3, but are absent in the S2 deposit. S2 and S3 
surge layers exhibit internal stratigraphy in proximal localities and some medial sites (S2 
only) that consists typically o f  cross bedding in the base, and planar bedding with thin 
laminations in the middle and top. This suggests S2 and S3 surges were more dilute and 
mobile than the SI surge (Fisher. 1979: Allen. 1984: Sigurdsson et al.. 1987: Sigurdsson 
et al.. 1985: Carey. 1991). In addition, the S2 and S3 surge lay ers occur between Plinian 
fall deposits that display no signs o f  phreatomagmatic accom panim ent at or near the 
contacts o f  the surge lay ers which imply that they are the result o f  intermittent partial 
column collapse o f dense portions o f  the eruption colum n, and not o f  phreatomagm atic 
origin (Sparks and W ilson. 1976: Sigurdsson et al.. 1985. Scott et al.. 1992).
7.3. Phase III Interpretations:
Phase III deposits represent the final and cataclysm ic stage o f  the caldera-form ing 
eruption o f  Volcan Ceboruco. The deposits o f  Phase III m ark the first and only
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occurrence o f  several, small-volume. lithic-rich pvroclastic tlow deposits, which are 
interbedded with relatively thin (<10 cm each) Plinian fall deposits, all o f  which is 
capped by a series o f small-volum e lithic falls and ash-rich deposits. Lithic types o f 
Phase III consist o f  lava fragments (88-90% ). the greatest amount o f  Sierra M adre lithics 
(5-12% ) observed in the Jala Pumice stratigraphy, and the least amount o f  Granitic-clast 
lithics (<1% ). Pumice types are composed o f  W hite (<75% ). Gray (>20% ). and Banded 
pumice (>5% ). This suggests that the regions o f  erosion and entrainm ent o f  accidental 
lithic fragments in Phase III occurred at the vent and at medial depths, possibly from 
increased structural faulting and foundering (Suzuki-K am ata et al.. 1993). A lternatively, 
significantly less erosion o f  lithic fragments occurred at magma cham ber depth.
The broadly simultaneous em placem ent o f  py roclastie tlow and non-graded 
pumice fall deposits imply that the activity o f  Phase III was dom inated by continued 
gravitational collapse o f  dense portions o f  a w eakening eruption column that was 
simultaneously depositing pumice and lithic fall deposits (Sparks and Wilson. 1976: 
Sigurdsson et al.. 1985: Scott et al.. 1992: Hildreth. 1983. 1991). Repeated gravitational 
collapse o f  the eruptive column was most likely induced by an intense and cyclic flux o f  
accidental lithics. especially surficial lava fragm ents and Sierra M adre fragments from 
medial depth, into the lower convective region o f  the plume. Extensive loading o f  
accidental lithics would greatly inhibit the convective potential o f  the eruptive plume, 
reducing its buoyancy and thus resulting in repeated syn-eruptive collapses (Sparks. 
1986: W oods. 1988: Bursik and W oods. 1991). In addition, the stacked series o f  several 
(at least 7) pvroclastic tlow deposits along the northeast, eastern, and southwest flanks 
suggest that they also accumulated gradually. although no definitive amount o f  time can 
be determ ined for the temporal relationship from the emplacem ent o f  one layer to 
another.
The presence o f  lithic-rich (65-90 wt.% ) pvroclastic flow deposits on the 
northeast and southwest flanks suggests the existence o f  multiple, syn-eruptive vents
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during Phase III. Isopach and isopleth maps from G ardner and Tait (2000) clearly 
indicate that the source vent for all o f  the Plinian fall layers existed on the northern flank, 
more than 100 m below the outer caldera rim. and more than 250 m below the 
extrapolated sum m it o f  Nelson (1980) prior to eruption-induced collapse o f  Ceboruco. In 
addition, the dispersal o f  every surge layer occurred alm ost exclusively to the north and 
northeast. Most o f  the pyroclastie Hows were dispersed to the southwest. If  the 
pvroclastic flows were the result o f repeated gravitational collapse o f dense regions 
within the eruption colum n on the northern flank, then the density currents would have 
had to tlow initially uphill and over Ceboruco ( '3 5 0  m). before heading down the 
southern flanks into the Ahuacatlan and M arquesado valleys. M ore likely, as caldera- 
eollapse progressed, catastrophic structural foundering led to the eventual form ation o f  an 
additional vent-region. possibly as a propagating ring fissure (Bacon. 1983). along the 
southwestern rim o f  the pre-collapsed summ it. The lithic-rich nature o f  the flows, 
however, indicates that little magma utilized the ring faults. This resem bles the lithic-rich 
tlow deposits from the 1912 collapse o f  M ount Katmai. A laska (Hildreth. 1991).
M arquesado and North-Flank pvroclastic flow deposits have equivalent lithic and 
pumice populations, and field observations suggest that interbedded pum ice fall deposits 
within the North-Flank stratigraphy are identical to the thin pum ice layers and lenses 
w ithin the M arquesado deposits. Because o f  this, the North-Flank and M arquesado 
deposits are considered equivalent, although no definitive correlation o f  units can be 
made because o f  geographically isolated nature o f  the deposits.
At least 2 o f  the density currents that emplaced either the M arquesado or North- 
Flank flow deposits experienced convective removal o f  fine material and may have 
experienced a buoyant lift-off. generating co-ignim brite plumes (Sparks and W alker. 
1977: W oods. 1988). It is not possible to directly correlate the co-ignim brite falls (c7 and 
c2) with any flow unit because the lithic-types. pum ice-types. and lithic content o f  the 
North-Flank and M arquesado deposits are virtually identical. Proximal stratigraphy with
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increasing height is: F2. P5. F3. P6 and F4 (Figure 52). Distally. we find c l  atop the P5 
fall deposit and the c2 layer immediately overlies the P6 fall layer, implying that the co- 
ignim brite fall layers originated from the N orth-Flank pvroclastic flows F3 and F4 
(Figure 52). A lthough M arquesado flow deposits at Locality 81 are interbedded with thin, 
nearly clast-supported, pumice-lapilli layers with corresponding pum ice and lithic 
abundances to P5/6. there is unfortunately no exposure o f  any M arquesado unit that is 
clearly interbedded with either P5 or P6 fall deposits in the Ahuacatlan valley.
Finally, lithic fall deposits (L I. L2. and L3) cap the Phase 111 stratigraphy and 
represent the end o f  the eruption. On the basis o f  their very proximal distribution, 
m oderate to poor sorting, and great abundance o f  lithics (up to 90 wt.%). these layers are 
interpreted as a com pound fallout layer resulting from several explosions o f  varying 
energy and duration that produced alternating showers o f  blocks and ash. Sim ilar deposits 
have been observed and described by Scott et al. (1992) and Rosi et al. (1993) from the 
caldera-form ing eruptions o f  Mt. Pinatubo. Philippines, in 1991. and Vesuvius. Italy, in 
1631.
The lithic content, especially the abundance o f  Sierra Madre lithic fragments, 
during Phase III is greater than at any other point in this eruption (Figure 10).
Conversely, the abundances o f  White pum ice and G ranitic-clast lithics in Phase III are 
less than at any other point in the eruption. This suggests a significant shift in eruptive 
style from earlier phases to Phase III. It is interpreted that the late and culm inating stages 
o f  caldera collapse occurred during Phase III. As collapse continued, erosion and 
entrainm ent o f  lithic material nearly stopped at m agm a cham ber depths, and increased at 
surface vents (northeastern and southwestern), and medial depths, where Sierra M adre is 
believed to exist. In addition, the overw helm ing abundance o f  Gray and Banded pumices 
in Phase III com pared to W hite pumices is significant in term s o f  m agm a supply. It is not 
believed that the rhyodacite (W hite pumice) supply was exhausted in the cham ber by this 
eruption, for the effusive eruption o f  the Dos Equis dome shortly following the Jala
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Pumice eruption appears to be a hybrid m ixture o f  the Jala rhvodacitic and more basic 
m agm a (Chertkoff and Gardner. 2000). Instead, with increased mass eruptive rate, more 
o f  the underlying dacitic (Gray pumice) m agm a was drawn-up preferentially to the 
rhvodacitic magma (Blake and Campbell. 1986: Sigurdsson et al.. 1990a). As the dacitic 
m agm a ascended to the surface, actively eroded Sierra M adre lithic fragments and 
surficial lavas from caldera collapse became engulfed as evidenced by Gray and Banded 
pum ices displaying cores and aggregates o f  lithic fragments.
Shifts in eruptive style, and lithic and pumice types during a caldera-form ing 
eruption have been interpreted as indicating a change in the fragmentation level depth 
(Suzuki-Kam ata et al.. 1993). In the case o f  Ceboruco. the lithic content steadily 
increases from -1 0  wt.% at the base o f  Phase I to >90 wt.%  in the end o f  Phase III. The 
proportion o f  surficial lava fragments remains nearly constant (85-90% ). suggesting 
relatively constant vent erosion com pared to the lithic erosion and entrainm ent that 
occurred elsewhere. In addition, although the overall lithic content nearly increases by a 
factor o f  10 through the eruption, there is very little change in lithic content for grain- 
sizes o f  0-4.0 <j>. suggesting that increases in lithic content occur mainly as a result o f  
increases in coarse-grained surficial lava fragments at the vent induced by density 
segregation in the plume, not a mobile fragmentation level. The abundance o f  Sierra 
Madre and Granitic-clast lithics. however, vary substantially throughout the eruption. 
Phase I deposits are enriched in Granitic-clast lithics. whereas Phase II and III deposits 
show  progressive depletion in Granitic-clasts and enrichm ent in Sierra M adre lithics. This 
implies that the fragmentation level may have decreased during the eruption because o f  
the increased amount o f  accidental lithics from shallower depth (Figure 7).
7.4. Emplacement o f  Jala Pumice pvroclastic fall deposits
The Jala Pumice fall deposits appear to be produced by sedim entation from a 
dilute, low-concentration pvroclastic current, based on the observations that the fall
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deposits are clast-supported and moderate to well sorted: fall deposits (P0-P6) thin 
exponentially with increasing distance from the eruptive vent (Gardner and Tait. 2000): 
all levels in the PI and P2 fall layers display an overall decrease in Md0 and lithic content 
with distance and an overall increase a*. F'2. and pumice content with distance: and. mass 
accum ulation m easurem ents o f  layers within fall deposits located beyond the estimated 
plume com er display an exponential decrease with distance.
7.5. Emplacement o f  the .lala Pumice pvroclastic How deposits
A model for the transport and deposition o f the M arquesado and North-Flank 
pvroclastic tlow deposits must satisfy the following observations: (1) proximal deposits 
found high on the southw est Hanks are thin (<20 cm), m oderately well sorted, exhibit 
intricate planar bedding at the base and top. and are tlnes-rich (FZ: 25-65 wt.%) and 
oxidized to a deep crim son color: (2) medial deposits have a basal lag breccia layer, and 
are poorly sorted, pinkish-gray in color, moderately fines-depleted (FZ: <20 wt.%). and 
contain <8 wt.%  pum ice and >75 wt.% lithics: (3) granulom etric analysis o f the lag 
breccia matrix and non-lag breccia zones are identical, even though a clear planar 
boundary exists between them: (4) deposits found either distally or atop abrupt 
topographic obstacles in medial locations (Localities 18. 71. 77) are m oderately-well 
sorted, enriched in rounded pumice clasts, and are intricately planar bedded: (5) mass 
accum ulation variations for the M arquesado PFD 's appear to support deposition via en 
masse freezing, except for the coarsest-grain sizes o f  lithics: (6) basal North-Flank PFD 's 
(F3 and F4) are interbedded with Plinian fall layers P5 and P6 proxim ally: (7) distally. 
moderately-well sorted, ash-rich layers o f  equivalent com ponent distribution to the 
M arquesado and North-Flank PFD 's u 7  and c2) are interbedded with Plinian fall layers 
P5 and P6: and. (8) Md* and ct0 values for the M arquesado and North-Flank PFD 's 
overlap the fields defined as "Pyroclastie Flow Deposit" and "Pvroclastic Surge 
Deposit"! W alker. 1971).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
Phase III Jala Pumice PFD 's are interpreted as resulting from gravitational 
collapse o f  an eruptive colum n (Figure 2) (Sparks and W ilson. 1976: Bursik and W oods. 
1991). resulting from the excessive loading o f  cold lithic material into the lower 
convective zone o f  the eruptiv e plume, which accom panied the structural foundering o f  
the caldera. In addition, the successive nature o f  the M arquesado and North-Flank PFD 's 
up to 12 km from Ceboruco suggests that they were progressively em placed as m ultiple 
flows.
W ilson (1980. 1984) and W ilson and W alker (1982) speculated that increased 
mobility o f  pvroclastic tlow currents is largely a function o f  their gas content, and thus 
how fluidized they may become. Experim ental results and field observations by W alker 
(1980. 1984) suggest that as air is entrained into a pvroclastic tlow  head, it is rapidly 
heated and expands. In addition, juvenile m aterial, which is often the dom inant 
com ponent o f  PFD 's (Sparks. 1976). is crushed as it is carried in the tlow current, which 
results in intense expansion and uprising o f  large volumes o f  gas into the body o f  the 
tlow. As the gas current passes through the m oving tlow. the current becomes tluidized. 
thus enabling the tlow to move more energetically for greater distances in a lam inar tlow 
regime, rather than strictly en masse as suggested by Sparks (1976).
To produce pvroclastic flows capable o f  traveling 10's km 's  beyond the flanks o f  
a volcano, the amount o f  gas and vapor retained after gravitational colum n collapse, or 
engulfm ent o f  surrounding air. must still be high enough to fluidize the debris to form a 
dispersed gas-particulate mixture (W ilson and W alker. 1982: W ilson. 1983. 1984). One 
o f  the most important characteristics o f  the Jala Pumice pvroclastic flow s is their 
anom alously high lithic contents (65-90 wt.% ). equally low pum ice content, and m odest 
F2 values. This is problematic when trying to explain how such low amounts o f  juvenile 
material could generate the appropriate quantity o f  hot gas. subsequently fluidizing the 
density current and allowing it to travel in excess o f  12 km from vent along horizontal 
topography.
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Interpretations from other lithic-rich tlow deposits that bear resem blance to the 
Jala Pumice pvroclastic tlow  layers hav e been described as being fluidized despite the 
small abundance o f  juvenile material and influx o f  rising gas. Glicken (1991) reported 
that volcano-related landslides in Japan are unusually mobile, and are probably fluidized 
despite the low juvenile content (<10% ) because o f  abundant clay material in the 
hydrothermally altered rock, which is a dominant constituent o f  the deposits. It was 
speculated that hydrotherm ally altered lithics contain large am ounts o f  clays that would 
reduce the frictional resistance o f  colliding blocks, thus fluidizing the particles (Hsii.
1975. Glicken. 1991). In another example, a series o f  lithic-rich pvroclastic flow deposits 
(>80 wt.%) are described from Galeras volcano. Colum bia, a volcano with sim ilar 
elevation and m orphology to Ceboruco. Calvache and W illiams (1992) suggested that 
fluidization was achieved as a result o f  the abundant hydrotherm ally altered accidental 
lithics. instead o f  vertically expanding gas (Calvache and W illiams. 1992). Galeras 
Hydrothermally altered lithics are absent, however, in the Jala Pumice PFD 's. In addition, 
the Jala Pumice PFD 's are found beyond 12 km from Ceboruco. which is more than 3 km 
further than the volcano-related landslide described by Glicken (1991). and more than 
double the extent o f  the G aleras pvroclastic flow deposits described by Calv ache and 
W illiams (1992).
Despite the m inor juv enile component o f  the Jala Pumice pvroclastic flows, their 
flow behavior changed as a function o f  increased distance and underlying topography, 
based on the considerable diversity in granulometric and com ponent character in the 
M arquesado and North-Flank PFD 's around Ceboruco (Figure 50). The moderately well 
sorted, planar-bedded North-Flank deposits (Localities 18. 71. 77) that contain rounded 
pumice clasts atop the northern plateau cliff are suggestive o f  particle transport and 
deposition via saltation from a density current o f  low particle-concentration (Allen. 1984: 
Sigurdsson et al.. 1987: Fisher. 1990: Cole. 1991: Druitt. 1992). Likewise, the sudden 
increases in cr$. F2. rounded pumice clasts, overall juvenile content (>35 wt.% ). and
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presence o f  internal planar bed forms at distal M arquesado deposits also suggests particle 
transport and deposition via saltation/ traction from a low particle-concentration density 
current. Thin, proximally located M arquesado deposits resemble pvroclastic veneer 
deposits (W ilson and Walker. 1982: Criswell. 1987: Fisher. 1990: Scott e ta l.. 1991). 
because o f  their moderately well sorting, intricate layers o f  planar bedding, and genetic 
association with pvroclastic flow deposits. W ilson (1985) interpreted sim ilar deposits 
from the Taupo Ignimbrite as representing a mass o f particles that are jetted from the 
head o f  a fluidized flow in response to the violent expansion o f  ingested air. The 
proximal deposits at Ceboruco are. however, tines rich (Fz: '5 5  wt.% ) relative to the 
valley-fill deposits (F2: <20 wt.%). as seen in other veneer layers, suggesting that the 
proximal Jala Pumice PFD 's are not jetted  from the flow head, but reflect veneer 
deposition.
In order to explain the observations listed above, a conceptual model for the 
transport and deposition o f  material in the M arquesado and North-Flank pyroclastie flow 
deposits has been developed, following that o f  Macias et al. (1998) (Figure 67). This 
study envisions a series o f  pvroclastic flows as being composed o f  two main density- 
stratified parts. The low er layer o f  the flow has a high particle concentration o f  coarse 
lithic blocks in a matrix o f  finer-grained particles, and an upper layer that has a lower 
particle concentration and transports material in turbulent suspension (Figure 67. A). This 
model conceives that the observed planar contacts between the lithic breccias and the 
associated flow units result from strong, and possibly sharp, density and velocity 
gradients between the two within the bottom  layer o f  the flow (Burgisser et al.. 2000).
Lag breccias are believed to develop in response to a hydraulic jum p experienced 
at the incidence angle between the southw estern flank and the nearly horizontal valley 
floor (Figure 67. B) (Freundt and Schmincke. 1985: Hoblitt. 1986: M acias et al.. 1998). 
whereby the basal layer o f  the flow essentially behaves as an avalanche o f  coarse lithic 
fragm ents and blocks as it approaches the flank base. Upon encountering the change in
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slope, the speed o f  the flow is reduced drastically, resulting in the massive deposition o f  
the coarse lithic bedload near the base o f  Ceboruco. The lateral extent o f  the breccias 
beyond the break in slope is interpreted to result from selective re-entrainm ent o f 
deposited lithics by the upper region o f  the flow. As the lower portion o f  the flows 
propagates away from the volcano, transport and deposition occurs as sheets o f  material 
gradually decreasing in energy and particle-concentration only to be surpassed by later 
flow units (Figure 67. C).
Distally. finer grained lithic and pum ice clasts were transported and deposited via 
rolling and saltation. Where topographic obstacles disallow the continued propagation o f  
these flows, the basal layer experiences selective "blocking" (Valentine. 1987: Fisher. 
1990: Bursik and W oods. 1996) and stop. The upper, low-concentration o f  the flow 
becomes decoupled, and continues downstream . Distal flow units will, therefore, be 
difficult to distinguish from one another, because the deposits will display a continuum  o f  
planar-bedded layers. Upon reaching a density less than the surrounding air because o f  
loss o f  material, the flow may buoyantly lift o ff  to form a co-ignim brite cloud (Figure 67. 
D). This decoupling has been w itnessed in recent eruptions o f  Mount St. Helens. 
W ashington (Carey and Sigurdsson. 1985). Soufriere Hills. M ontserrat. W est Indies 
(C alderet. al.. 1999). and Unzen volcano. Japan (Fujii and Nakata. 1999).
The conceptual model presented above allows for the extensive transport and 
deposition o f  lithic-rich pvroclastic material in agreement with the listed observations 
with little dependence upon expansion and subsequent fluidization. Instead, the effect o f 
m om entum  w ould be critical. Applying the concept o f  the "energy line" from Sheridan 
(1979) and Hsii. (1975). which requires mass in motion to decelerate as a direct 
consequence o f dissipation o f  kinetic energy by friction (e.g. topographic barriers), 
indicates that the Jala Pumice pvroclastic deposits are predicted to reach a run-out 
distance o f  12 km if  the original height o f  the flows were -1 9 0 0  m above the Ahuacatlan 
valley floor (-2700  m). This is in good agreem ent with the elevation o f  the modern-day
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Ceboruco caldera rim. which is '1 6 5 0  m above the valley floor. Because there are only 
four locations where the Jala Pumice PFD 's either succeeded or failed in overtopping a 
topographic obstacle, however, this suggestion should be regarded as an broad 
estimation.
7.6. Emplacement o f  Jala Pumice pvroclastic surge deposits
A model for the Jala Pumice surges has to account for a num ber o f  observ ed and 
numerically determined features: (1) S I. S2. and S3 are predom inantly massive: (2) 
localities that display internal stratigraphy are limited to either the flanks o f  Volcan 
Ceboruco (S2 and S3) or atop the crest o f  the 150-240 m high Sierra M adre cliffs to the 
north (SI and S2): (3) no charred organic material is found in any o f  the surge layers: (4) 
lateral granulom etric variations occur from the proxim al to the medial/ distal boundary' in
51 and S2. and at the break in slope on the eastern flank: (5) dram atic variation in 
thickness. Md,5. o,5. and Fz occur differentially from one surge to another in response to 
topographic change: (6) SI and S3 contain abundant accretionary and arm ored lapilli. 
whereas S2 contains none: (7) dramatic fluctuations in grading, lithic-type. pumice-type, 
and overall lithic content in the fall deposits that lie immediately above and below SI and
52 suggest significant m odification in stability and conduit erosion o f  the eruptive 
column, whereas fall deposits above and below S3 have only m inor component 
variability and little to no grading: and (8) the mass accum ulated distribution o f  particles 
in S2 and S3 surges on the east flanks resemble m odeled predictions for neither pure en 
masse nor turbulently suspended transport and deposition, whereas the mass accum ulated 
distribution o f  particles from the S2 surge atop the plateau appear to support turbulent 
suspension and deposition. Transport and deposition from the SI surge resem ble neither 
pure en masse nor turbulent suspension.
Pvroclastic surges have been described as either an initially lean-phase fluidized 
flow (W ohletz and Sheridan. 1979) or as highly expanded gas-particle m ixtures where
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turbulence and saltation control particle transport and deposition (Fisher. 1983: Fisher 
and Valentine. 1986). Firstly, none o f the Jala Pumice surge deposits display systematic 
facies variation with increased distance. A lean-phase fluidized model, therefore, cannot 
account for the behavior o f  the Jala Pumice surges. Secondly, the Jala Pumice surge 
deposits contain m odest rounded pumice clasts, indicating that attrition o f  particles via 
saltation or inertial grain-flow at the base o f  the surge cloud may not have been abundant 
(Allen. 1984: Sigurdsson et al.. 1987: Fisher. 1990: Cole. 1991: Druitt. 1992). The 
occurrence o f  internal bedding and high variability in deposit character with changing 
topography and increased distance suggest, however, that transport and deposition o f 
material occurred at least partially in dilute and turbulent systems (Fisher. 1979: Allen. 
1984: Valentine. 1987: Carey. 1991).
A conceptual model for the surges o f  this study envisions two main density 
stratified parts. The lower layer o f  the surge has a higher particle concentration that 
moves in lam inar flow and an upper region that has a lower particle concentration that 
transport and deposits particles via dilute turbulence. Differences between the surge occur 
as a function o f  general flow conditions. That is. this study considers the surge deposits 
as representing transport and deposition from either Subcritical or Supercritical flow 
conditions (Bursik and W oods. 1996) (Figure 68). This model is presented in detail in 
Bursik and W oods (1996). and will be sum m arized here. As a dilute and expanded 
density current propagates forward, turbulent eddies may engulf and incorporate 
overlying air. The rate at which entrainm ent occurs depends on the ratio o f  the potential 
energy required to entrain the overlying buoyant fluid to the kinetic energy o f  the flow . 
This ratio is expressed by the Richardson num ber. R*.
R, = <)> -  a) gh {hr. (6)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
where [i is the bulk density o f  the flow, a is the bulk density o f  the atm osphere, g  is the 
gravitational acceleration, and h and u are the flow thickness and velocity, respectively. 
Density currents that propagate with R> values > 1 are Subcritical. and those with Ri 
values < I are Supercritical. Subcritical flows are relatively thick (1000-3000 m) and 
moving ( 10’s nr s). with relatively constant mass fluxes (Figure 68). Supercritical flows 
propagate as relatively thin (<1000 m). rapidly m oving currents (100‘s m/ s) that entrain 
large amounts o f  air. which leads to shorter run-out distances. An empirical relationship 
between the entrainm ent coefficient, e. and the Richardson num ber is described as. r. -  
0.003 Ri : for Supercritical currents. For Subcritical currents, entrainm ent is negligible 
(Bursik and W oods. 10% ). Therefore, sedim entation o f material controls the evolution o f 
Subcritical currents, which allows the surge cloud to travel a greater distance than if it 
were controlled by massive entrainm ent o f  air and subsequent inflation. On the other 
hand, the rampantly elutriating Supercritical flows deposit a sm aller fraction o f  material 
from the surge cloud itse lf than in the Subcritical flow regime, the rem ainder being 
elutriated into an upper dilute portion o f  the current (Bursik and W oods. 19% ).
Results from experimental modeling by W oods and Bursik (1998) on dilute and 
turbulent particle-laden density currents interacting with topographic obstacles indicate 
that as Subcritical flows surm ount obstacles, numerous flow regim es may develop. 
Specifically, if  the obstacle is small enough for the Subcritical flow to surm ount en 
masse, the flow passes over it by increasing its velocity (//) and lowering its bulk density 
(/i) to conserve the total energy o f  the flow. Downstream from the topographic high, the 
entire flow may become Supercritical, as a result o f  the hydraulic jum p in flow velocity 
experienced at the ridge front (Valentine. 1987: Woods and Bursik. 1998). Conversely, if 
the obstacle is too high for the Subcritical current to surmount en m asse . then the upper 
fraction o f  the flow is reflected upstream (W oods and Bursik. 1998). Decoupling o f  the 
density current results in a hydraulic jum p in the basal fraction o f  the flow, which may
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then surpass the ridge as a Supercritical tlow conditions (Valentine. 1987: W oods and 
Bursik. 1998).
The distribution o f  SI deposits are widespread atop the northern plateau, 
extending for more than 20 km from vent, which is more than double the distribution o f 
S2 and four times that o f  S3. Atop the plateau, however. SI is only found at lower 
elevations (<180 m). at localities higher than that, such as those atop the 240 m ridge 
im m ediately north o f  the village o f Coapan. only show SI as a very thin ash layer (<5 
mm). A velocity estim ate o f  approxim ately 40 m/s can be made based on the occurrence 
o f  SI deposits on the northern plateau topography, which is relatively slow moving 
com pared to other surges described in the literature (Sigurdsson et al.. 1985; Hoblitt. 
1986: Sigurdsson et al.. 1987; M acias et al.. 1998: Bursik et al.. 1998). SI deposits reflect 
neither pure en masse  nor turbulent suspension, based on m ass accum ulation with 
distance calculations on the northern plateau. SI deposits are com m only massive with 
faint laminations in the upper 20%  o f  the deposit. Granulom etric analysis indicates that 
SI at the front o f the Sierra Madre escarpment are fines enriched (<60 wt.%) and 
m oderately to poorly sorted (cTtt): 2.05-2.80). Along the B-B ' transect, the thickness o f  SI 
deposit is predominantly thin ( -5  cm), except at the front o f  the Sierra Madre c liff and 
atop the crest o f the escarpment, where the thickness o f  SI suddenly increases from 6-15 
cm. and then abruptly falls to <2.5 cm. A positive correlation exists between Md* (and 
F2) and thickness, where thicker deposits have lower Md* values (fines rich) and thinner 
deposits have larger Md* values (fines depleted).
The SI surge deposit reflects particle transport and deposition in Subcritical flow 
conditions (Bursik and W oods. 1996). That is. negligible entrainm ent o f  surrounding air. 
which results in a higher-particle concentration as the surge cloud slowly propagates 
away from the eruptive vent (Figure 69). Following what appears to have been a 
phreatom agm atic eruption, the low velocity o f  SI impedes the com pletion o f  developing 
internal density stratification, and promotes massive deposition (Figure 69. A). Upon
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encountering the northern plateau ridge, the basal, higher particle concentration region o f
51 is partially blocked (Valentine. 1987: Fisher. 1990). resulting in m assive deposition o f  
moderately to poorly sorted bedload layers, possibly en masse. Rapid loss o f  material in 
the bedload o f  the surge allow s for increased levels o f  particle supply from the upper 
dilute region o f  the surge as SI steadily climbs the plateau front (Figure 69. B). This 
promotes fines deposition via dilute suspension in deposits adjacent to the Sierra M adre 
escarpm ent in thin lam inations at the top o f  S I . and fines depletion in more distal 
deposits (Figure 69. C and D).
The S2 surge layer is consistently thicker than SI and is only found within 10 km 
from vent. S2 deposits are found atop the 150 m plateau and high atop the 240 m ridge 
immediately north o f  the village o f  Coapan. A m inim um  velocity estim ate for S2 is 
approxim ately 80 m/s. based on its ability to surm ount topographic highs. There are no 
topographic obstacles that S2 did not tlow over, however, and so this estim ate m ust be 
considered to be conservative. Mass accum ulation with distance calculations on the 
eastern flank (A -A ‘) resem ble neither pure en masse  nor turbulent transport and 
deposition patterns, although S2 flank deposits do appear to reflect a tlow  m odification at 
the break in slope and often have cross-bedding and planar-bedding. suggestive o f 
saltation/ traction dilute and turbulent grain tlow (Allen. 1984: Sigurdsson et al.. 1987: 
Fisher. 1990: Cole. 1991: Druitt. 1992). Mass accum ulation with distance calculations on 
the northern plateau (B-B‘) resem ble that which is predicted from transport and 
deposition via turbulent suspension, especially if  the first site in profile. Locality 12. is 
replaced by Locality 18. which is located on top o f  the plateau. W ith increased distance.
52 deposits decrease in Md*. improve in sorting (cr*). and increase in F2. Proxim ally. S2 
deposits display intricate cross bedding and planar bedding im m ediately atop the plateau 
front cliff, and is m assive beyond the escarpm ent front. In addition. S2 deposits in 
topographic lows are thicker and more poorly sorted, whereas S2 deposits in topographic 
highs are thinner and better sorted.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
57
The S2 surge deposit reflects particle transport and deposition in Supercritical 
tlow conditions (Figure 70) (Bursik and W oods. 1996). Following what appears to be 
partial colum n-collapse. the rapidly propagating surge is thin as it travels down the north 
and northeastern tlanks. which facilitates early developm ent o f  internal density 
stratification and deposition o f material is dom inated by saltation and granular tlow 
(Figure 70. A). At the break in slope o f  the northern and northeastern tlanks. the velocity 
o f  the tlow abruptly decreases, resulting in massive unloading o f  material, and the 
formation o f  a weak elutriated cloud o f  fine particles (Figure 70. B). Upon encountering 
the Sierra M adre escarpment, the basal region o f  the S2 density current is blocked 
(Valentine. 1987: Fisher. 1990). resulting in a hydraulic jum p in tlow velocity, marked by 
the local change in surge deposit bed forms at the Sierra Madre c liff face. This also 
results in particle transport and deposition to be dom inated largely by the upper dilute and 
turbulent transport system (Figure 70. C). Atop the plateau, however, the S2 surge rapidly 
reorganizes itse lf (Burgisser et al. 2000) into a density-stratified density current, as it 
continues to actively entrain air and deposition o f  material is topographically controlled. 
That is. topographic lows promote thicker, more poorly sorted deposits, and topographic 
highs result in thinner, better-sorted deposits. Continued entrainm ent o f  large amounts o f 
air results in the volum e o f  S2 to increase, thus a decrease in density, which eventually 
results in the abbreviated run-out o f  S2 with buoyant lift-off occurring at '1 0  km distance 
(Figure 70. D).
Proxim ally. the S3 deposit ranges in thickness from 15-194 cm. thicker than either 
SI or S2. M ore specifically, less than 2 km from the plateau. S3 is 3 tim es as thick as S2 
and nearly 4 tim es as thick as S I. The S3 deposit is a distinct pink color, unlike either SI 
or S2. and along the eastern Hank transect (A-A*). S3 displays equivalent planar bedding, 
rounded pum ices, subtle m odifications in response to topography, and m ass accumulation 
trends to the S2 layer. Beyond 3 km from the volcano. S3 exists only as a band o f  pink 
ash that coats the middle o f  the P3/ 4 fall layer. Despite the lack o f  evidence for either
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phreatomagm atic accompaniment, significant change in lithic content, lithic types, or 
grading. S3 is enriched in armored and accretionary lapilli.
The S3 surge deposit reflects Supercritical flow conditions, probably at a higher 
velocity than S2 (Figure 71). Following what appears to have been a phreatomagmatic 
event, the density current is thin and rapidly travels down the northeastern flank, which 
facilitates early development o f  internal density stratification where saltation and attrition 
o f  particles seems to have been the principal means o f  particle transport and deposition in 
the basal surge levels (Figure 71. A). Between the break in slope o f  the northeastern 
tlanks and the Sierra Madre escarpment, the S3 surge continued to entrain large amounts 
o f surrounding air. resulting the coincident deposition o f  material and the rapid inflation 
o f  the density current, which subsequently formed an elutriated cloud o f  fine particles via 
buoyant lift-off (Figure 71. B). Fine-grained ash from the elutriated S3 surge cloud 
continued to drift in the direction o f  original tlow direction, coating pumice lapilli clasts 
as they were deposited from the late P3 and early P4 fall layers locally atop the northern 
plateau (Figure 71. C).
The Subcritical vs. Supercritical tlow conditions for the Jala Pumice surges are 
interpreted as function o f particle concentration, rather than surge origin 
(phreatom agmatic versus purely magmatie). Surge origin is often proposed as having a 
significant control on tlow dynamics because surges that are initiated by m agm a-water 
interactions are thought to have lower energy and a lower tem perature (Moore. 1967: 
Moore and Peck. 1962: Fisher. 1971: Self and Sparks. 1978: W ohletz and Sheridan.
1979: Sigurdsson et al.. 1987). Because both SI and S3 have abundant armored lapilli. 
which indicate meteoric water interaction (S e lf and Sparks 1978: W holetz and Sheridan. 
1979). the SI and S3 surges are likely to be at least som ew hat phreatomagmatic in origin. 
Yet. SI and S3 are very different. S3 contains rounded pumice clasts and abundant planar 
bedding, and is highly variable in thickness, whereas SI contains no rounded pum ices, is 
invariably massive, and displays little variation in thickness w ith topography. Also. S3 is
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only found within 5 km from Ceboruco compared to S I. which is found beyond 20 km. It 
appears that the transport and depositional characteristics o f  SI and S3 cannot solely 
result from their phreatom agm atic origin. Rather we believe that SI had a greater 
particle-concentration than S3, and hence SI travels as a Subcritical tlow. whereas S3 
flowed as a Supercritical flow.
Unlike SI and S3, arm ored lapilli are absent in the S2 deposit. In addition. S2 and 
S3 occur between Plinian fall deposits that display no signs o f  phreatom agm atic 
accom panim ent at or near the contacts o f  the surge layers, which im plies that S2 resulted 
from partial collapse o f  dense portions o f  the eruption column (S e lf and Sparks. 1978: 
Sparks and W ilson. 1976: Sigurdsson et al.. 1985. Scott et al.. 1992). Both S2 and S3 
have equivalent bed forms in proximal localities, however, even though S3 contains 
abundant arm ored lapilli. and is distinctly pinkish in color, com pared to the olive-gray 
S2. It is therefore proposed that the transport and depositional characteristics o f  S2 and 
S3 are the direct result o f  a low-particle concentration density current engaged in a 
Supercritical flow regime, rather than their eruptive origin.
The Jala Pumice pvroclastic flow and surge deposits represent em placem ent o f  
material by density currents that cannot clearly be assigned as either "flow " or "surge" 
end member. Rather, a continuum  exists between the Jala surge and the flow deposits as a 
function o f  particle concentration. This is significant to understanding and modeling o f  
density currents in terms o f  flow conditions that is a direct function o f  particle 
concentration, which ultim ately controls the transport and depositional m echanics o f 
pvroclastic material.
7.7. Caldera formation
Gardner and Tait (2000) suggest that caldera collapse began at the transition from 
PI to P2 (Phase I to Phase II). and possibly hadn 't finalized until the very end o f  the Jala 
Pumice eruption sequence, based on the sudden influx o f  lithics and pum ice diversity that
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is observed in Phase II deposits compared to Phase I. and the highly variable nature o f  
mass eruption rate throughout Phase II compared to the relatively steady conditions o f  
Phase I. The speculation that caldera-form ation could occur near the end o f  an eruption is 
contrary to traditional m odels for caldera formation (Druitt and Sparks. 1984) and to 
interpretations from different caldera-form ing eruptions (Bond and Sparks. 1976: Smith. 
1979; Bacon. 1983: Druitt and Francaviglia. 1992: Lipman. 1997). These m odels do not 
accurately explain the observations from the Jala Pumice (G ardner and Tait. 2000).
In a model that assum es that m agm a is buoyant in the shallow  crust and that no 
replenishm ent occurs during eruptive withdrawal (Tait et al.. subm itted), an eruption 
occurs when the m agm a cham ber becomes "over-pressurized” . This fractures the 
overly ing rock, which propagates to the surface (Tait et al.. 1989). As long as tension is 
m aintained, the conduit rem ains open and the eruption is able to continue. Because o f  the 
relatively incom pressible nature o f  m agm a (Blake. 1984: Tait et al.. 1989). however, the 
"over-pressure” in the cham ber dim inishes quickly, and the tension required for an open 
conduit decreases, closing the conduit and stopping the eruption (Tait et al.. 1989). 
Collapse will occur if the threshold o f  shear failure o f  the country rocks is attained before 
the conduit can close, stopping the eruption (Tait et al.. subm itted). Phase I deposits from 
the Jala Pum ice reflect erosion o f  lithics at the vent, and the cham ber w alls as the initial 
"over-pressurized" phase progressed with an open conduit extending from the m agm a 
cham ber to the surface.
The abrupt and sim ultaneous influx o f  Sierra M adre lithics and disappearance o f  
Granitic-clast lithics that occurs late in Phase II and throughout Phase III reflect erosion 
o f  lithics at the vent and medial depths, but not the cham ber walls (Figure 7). This may 
yield insight into im portant m echanism s that control "sm all-volum e" (<10 km 3) caldera 
generation. Nelson (1980) and M oore et al. (1994) suggest that the basem ent rock o f  
many volcanoes in the western portion o f  the Trans-M exican Volcanic Belt is com posed 
o f  the Tertiary aged Sierra M adre ignim brite formation. In addition, the concealed deeper
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layers around Ceboruco have been interpreted as being granitic in com position, because 
granitic-clast xenoliths are comm only found in the erupted products from several o f  the 
cinder cones located around Volcan Ceboruco (Thorpe and Francis. 1975: Nelson. 1980).
This differs to the late stage abundance o f  sim ilar wall rock-lithics from the 
caldera-form ing eruption o f  Mount M azam a (Crater Lake), as interpreted by Bacon 
(1983. 1992) and Suzuki-Kam ata et al. (1993). From this eruption, the greatest abundance 
o f  "granitoids" occurs at the end o f  the eruption, rather than at the beginning like at 
Ceboruco. Bacon (1983) interprets the behavior o f  caldera-collapse at M ount M azama 
following the model o f  Druitt and Sparks (1984). It therefore seems plausible that 
whereas, inward-dipping faults would essentially disrupt the uppermost Ceboruco 
com posite structure and the Sierra M adre basem ent rock while sealing the m agm a 
cham ber closed, outward-dipping faulting would disrupt the entire subsurface, especially 
the m agm a chamber. This would account for the sim ultaneously observed abrupt increase 
in surface and medial depth erosion (Surficial * Sierra Madre lithics) and the 
discontinued wall rock erosion (Granitic-clast lithics) seen in the Phase II and III deposits 
at Ceboruco. The caldera-form ing eruption at Volcan Ceboruco appears, therefore, to 
suggest that critical mechanisms for large volum e (100-1000 km ') caldera-collapse. as 
outlined by Druitt and Sparks (1984). are not fundamental to sm aller volume (<10 km-1) 
caldera formation.
8. Conclusions
The Jala Pumice eruptive stratigraphy is divided into three phases based on 
changes in eruptive style and eruptive products. The first phase (Phase I) o f  the eruption 
saw a sustained Plinian column (P I ). during which 2.5-3 km3 o f  magma erupted. This 
phase apparently ended abruptly (top o f  P I ) and was followed by Phase II. which began 
with a thin, lithic-rich and accretionary-lapilli-bearing fall layer and continued as 
alternating Plinian columns and pvroclastic surge em placem ent. Approxim ately 0.5 km 3
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o f  magma erupted during Phase II. In addition, mass eruption rate, lithic type and content, 
and pumice types were varied highly , compared to the first phase. Phase III o f  the 
eruption consisted dom inantly o f  repeated gravitational colum n collapse events, which 
resulted in the em placem ent o f  a series o f  lithic-rich (65-85 wt.% ) pvroclastic tlow 
deposits (M arquesado and N orth-Flank), with at least two Plinian fall deposits (P5. P6). 
The second and third phases o f  the eruption also marked changes in the com position o f 
erupted magma. During Phase I. rhyodacite (W hite pumice) was erupted, with very little 
dacite (Gray pumice) and mixed pum ices (Banded pumice). Phase II m arked large 
increases in both Gray and Banded pum ices at the expense o f  W hite pumice, and by 
Phase III. Gray pum ice accounted for more than 50 wt.% o f  the juvenile  material erupted.
The overall lithic content increased from '1 0  wt.% in Phase I to >90 wt.%  in 
Phase III. Although the proportion o f  surficial lava fragments rem ained relatively 
constant throughout the eruption (85-90 wt.%). two other types o f  accidental lithics 
varied systematically through the eruption. In Phase 1. granitic-clast wall rock lithics 
dominated, whereas in Phase III. Sierra Madre ignimbrite lithics were prom inent. Phase 
II has intermediate proportions o f  each.
Caldera-collapse occurred at the finale o f  the eruption, unlike many other 
described caldera-form ing eruptions (Bond and Sparks. 1976: Bacon. 1983: Hildreth. 
1983: Druitt and Sparks. 1984). and is m arked by a lithic rich facies (65-90 wt.%  lithics) 
o f  pyroclastie flow and lithic fall deposits, w hich are identical in terms o f  lithic and 
pumice components, and abundances. M arquesado pvroclastic deposits are found 
southwest o f  Ceboruco and the North-Flank pvroclastic flow deposits are isolated to the 
northeast. The distinct separation o f  the two Phase III pvroclastic flow deposit sequences 
are the likely result o f  new vents opening on the southw est side o f  Ceboruco. possibly via 
ring-fault propagation (Bacon. 1983). The small abundance o f  wall rock and surficial lava 
fragments in Phase I com pared to the large abundance o f  Sierra M adre basem ent rock and 
surficial lava fragments in Phases II and III suggest that collapse may have actually
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jam m ed the eruption conduit, which sealed the m agm a cham ber and suspended the 
eruption.
Field observations and m odeling o f  three levels in the pvroclastic fall deposits (PI 
base. PI top. and P2 lithic-rich base) indicate that beyond the plume com er, they were 
produced by deposition o f  particles from a dilute and turbulent eruptive plum e (Sparks. 
1986: Carey et al.. 1988: Sparks et al.. 19 9 1).
Deposits o f  the thick, massive, poorly sorted M arquesado and North-Flank 
py roclastie tlow deposits resulted from a series o f  poorly expanded density currents o f 
gas and particles in a density strati tied tlow. with a basal, lithic-rich zone that transported 
large lithic blocks in a matrix-supported current, and an upper, more dilute layer that 
transported particles in suspension (M acias et al.. 1998). The pvroclastic flows 
experienced a hydraulic jum p at the break in slope between the 15-35° tlanks and the 
nearly horizontal valley floors, which drastically reduced velocity, causing the dum ping 
o f  the coarse-grained bedload, forming extensive lag breccia deposits. The transport and 
deposition o f  material beyond that break occurs via saltation in a traction grain-carpet 
system  (Fisher. 1979. 1990) upon encountering topographic obstacles or sufficient run­
out distance because o f  a decrease in bulk particle concentration.
Thin, cross-bedded-to-m assive. m oderately sorted Jala Pumice pyroclastie surge 
layers were produced from dilute density currents, which varied in their tlow  conditions 
and particle concentration (Fisher. 1979: Valentine. 1987: Fisher. 1990). The high 
susceptibility o f  topographically induced m odification on pvroclastic currents suggests 
that density stratification and particle concentration play a essential role in the behavior 
o f  pvroclastic density currents, and that m odeling the transport and deposition o f  material 
in pvroclastic flows and surges as occurring via pure dilute and turbulent suspension, is 
appropriate only where the basal region is sufficiently "blocked". The origin o f  the Jala 
Pum ice surges (phreatom agm atic versus magm atic) appears to have little control on their 
tlow  dynam ics. Results from this study, therefore, indicate that a continuum  exists
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between pyroclastie "now " and "surge" end members, and may also exist between 
pvroclastic "surge" and "fall" deposits. In fact, the majority o f  the density currents 
generated during the -1000  A.D. caldera-form ing eruption o f  Volcan Ceboruco were 
transitional in nature.






Figure 1. Schem atic characteristics o f  turbulent (A . Sedim entation 
via dilute and turbulent suspension), lam inar (B. Sedim entation via 
saltation/ traction and inertial grain-flow ). and en m asse  (C. 
Sedim entation via freezing in place) tlow  regim es as a function o f  
particle concentration and tlow velocity.
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figu re  2. Schem atic features o f  an eruptive plum e, modi lied from Sparks et al. (14>c>7), Right: the inner and outer regions 
o f  the plum e, locations o f  the convective region and the um brella region, position o f  the plum e corner, and height o f  plume 
neutral buoyancy (ll„) with the surrounding atm osphere and the height o f  the plum e top (II,). The graphs show 
schem atically the variation o f  m ass o f  one grain s i/e  in m ass per unit area (.S'/ .S'.) and per unit distance. Left: schem atic 




Figure 3. "Blocking" in a density stratified pyroclastie surge induced by a topographic 
obstacle, m odified from Valentine. 1987. The dashed line indicates the position o f  the 
dividing stream line, which occurs at a height that is a function o f  the upstream  kinetic 
energy, density gradient o f  the current, and the potential energy gained by overtopping 
the hill (Valentine. Id87). Below  the d ividing stream line, m aterial is unable to tlow 
over the obstacle and m ust either stop o r tlow around it. In a pvroclastic surge, this 
may result in the em placem ent o f  thick, m assive deposits adjacent to obstacles or 
topographic lows.






Figure 4. Photographs o f  Volcan Ceboruco from the northern plateau (A), and 
from the village M arquesado (B). located to the southw est.












I igmv 5. Location and geologic map o f Volcan ( 'choruco, modified from Nelson ( I ‘M l ) .Present-day distributions ol post-caldera 
andesites and daciles, outlines o f  inner and outer caldera walls, and 1000 A.I). eruptive v ent from G ardner and Tait (2000) 
are indicated. Transects A-A'. li-IV, and t '- ( "  are shown, and the crest o f  the Sierra M adre escarpm ent to the north is 
illustrated in bold. Contour lines are provided atop the northern plateau It) illustrate the com plex topography o f  that region. 
N um bers refer to sample localities; and solid-shaded regions indicate the extent o f  the M arquesado pvroclastic How deposits, 
m odified from Nelson ( IdXO), with the darker solid-shaded region signifying the extent o f  the basal lithic Jag-breccia. 
Proxim al, Medial, and Distal zones are indicated, and a general regional map is shown in the upper right.
70
Figure 6. Photograph o f  the Sierra M adre escarpm ent to the north o f  Ceboruco with 
contour intervals superim posed to clarify topography. In addition, the bold arrow  shows 
the predom inant tlow  direction o f  the three pvroclastic surge deposits.






Figure 7. Schem atic diagram  illustrating sequence o f  '1 0 0 0  A.D. 
Jala Pum ice eruption and subsurface stratigraphy inferred by 
Thorpe and Francis (1D75}- N elson (1980). and Luhr et al. (1 V)8C)).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 7 continued. Sierra M adre ignim brite basem ent rock and granitic country rock are 
noted, along with proposed location o f  normal faulting to the north and south o f  
C eboruco. suggested by Thorpe and Francis (1915).  A rrow s indicate prim ary location o f 
eruption vent, whereas dashed circles indicate the predom inant regions o f  accidental 
lithic incorporation during the different phases o f  the Jala Pum ice eruption based on 
subpopulation abundances o f  lithic types observed in the Jala Pum ice sequence. A. 
Initiation o f  Phase I o f  the Jala Pum ice eruption from a vent on the north Hank (G ardner 
and Tait. 2000). Frosion o f  lithic m aterial occurred at the vent and from the granitic 
country rock surrounding the C eboruco m agm a cham ber. B. Follow ing a b rie f stall in the 
eruption after Phase 1. Phase II began with increased levels o f  eroded surficial lava 
fragm ents, and subequal levels o f  S ierra M adre and G ranitic clasts m arking the onset o f  
prelim inary caldera-collapse. Isopach inform ation suggests that the eruptive vent 
rem ained on the north Hank o f  C eboruco at this time (G ardner and Tait. 2000). C. The 
em placem ent o f  the lithic-rich M arquesado and N orth-Flank pvroclastic tlow deposits 
represent the onset o f  Phase III. as caldera-collapse is finalized. Lithic types o f  the Phase 
III deposits indicate that erosion o f  accidental lithics occurred in the Sierra M adre 
basem ent rock and at the surface, but not from deeper granitic country rock. D.. 
Fm placem ent o f  the Dos Fquis dom e and subsequent dacite lava flows on C eboruco 's  
west and southw est Hanks overflow and bury the m ajority o f  the S\V Hank M arquesado 
tlow  deposits. See text for additional discussion.








Figure 8. Relationships o f  m ass eruption rate (A) (from  G ardner and fait. 2000) to 
fluctuations in W hite (B). Gray (C). and Banded pum ice (D) abundance throughout 
the Jala Pum ice stratigraphy at Localities 12 and 18.Solid triangles and diam onds 
indicate pvroclastic surge and tlow deposits, respectively. Phase I. II. and III 
boundaries are also shown. Phase I and II stratigraphy from Locality 18. Phase III 
stratigraphy from Locality 12.
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f igu re  0. Relationships o f  muss eruption rule (A) (from Gardner uiul Tail, 2000) to llueiuulions in Mil (B) uiul Sorting((’). 
through the .lulu Cumicc stratigraphy ul localit ies  12 uiul IX.Solid triangles and diamonds indicate pyroclastic surge and 
How deposits, respectively. I'hase I. II, and III boundaries are also shown. Phase I and II stratigraphy from Locality IX, 
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Figure 10. R elationships o f  m ass eruption rate (A) (from  G ardner and Tait. 2000) to 
fluctuations in G ranitic-clast (B) and Sierra M adre (C) abundance, and the total lithic 
content (D) through the Jala Pum ice eruptive stratigraphy at Localities 12 and IS.
Solid triangles and d iam onds indicate pvroclastic surge and tlow  deposits, respectively. 
N ote that w hereas the overall lithic content (black) fluctuates th roughout Phase I and
II o f  the eruption, the lithic content o f  lithics 0 to 4.0 (light gray) rem ains nearly 
constant, indicating that overall lithic content in Phase I and II is controlled  b \ the 
am ount o f  coarse-grained  lithics (D). In addition, the inverse relationship  o f  
G ranitic-clast lithic abundance com pared to Sierra M adre lithics in Phase I and Phase
III deposits is clear. Phase 1 and II stratigraphy from  Locality 18. Phase III 
stratigraphy from Locality 12.
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Figure 11. Idealized com posite schem atic o f  Jala Pum ice tephra sequence with brief 
descriptions o f  each layer. Stratigraphy is based on field relations, lithic content, 
pum ice populations, lithic types, and previous w ork perform ed by G ardner and 
Tait. 2000. Relative num ber o f  lithics (black), and W hite (w hite). Gray (gray), 
and Banded (striped) pum ices reflect proportions observed in field deposits.
Colum n is scaled to erupted volum e, not true thickness or grain-size.
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A.
Figure 12. Photographs o f  Phase I deposits PO and PI fall layers from  Locality 
29 (A), and the position o f  the fine-grained pum ice top o f  PI and the fine­
grained lithic-rich base o f  Phase II at Locality 18 (B). S I and the base o f  P2 
are also shown.




c r a m  U i a m c l c r  ( m m  I
Figure 13. M odal and com ponent analysis o f  the PO fall layer 
from Locality 18.
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Figurel-L  M odal and com ponent analyses o f  different heights through the PI fall 
layer deposits w ith increasing distance at Locality 18 (A). Locality 29 (B). and 
Locality 69 (C).
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Figure 15. Fields for pyroclastie "Flow ". "Surge", and "Fall" deposits based on Md 
and Sorting values ( from W alker. 1971). with Md and Sorting values from Jala 
Pum ice fall (solid circles), surge (triangles. S I : solid. S2: open. S3: gray), and 
flow deposits (d iam onds. M arquesado: solid. N orth-Flank: gray, c l  and e2: open) 
from this studv.
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Figure 16. Cumulative curves (A), and changes in Md (B) and Sorting (C) 
with increasing distance for the base o f the PI fall layer, and Cumulative 
curves (D) and changes in Md (E) and Sorting (F) with increasing distance 
for the top o f the PI fall layer deposit. Sample localities are noted on 
cumulative curves for corresponding analysis.
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Figure 16 continued.
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Figure 17. Photograph o f  the top o f  Phase I deposits ( P I ) and Phase II deposits. 
S I . P2. S2. P3/4. and the thinly stratified c l  and c2 co-ignim brite fall layers and 
P5 and P6 fall layers o f  Phase III (Locality  33). A 1 m staff is provided for 
scale. Photo from J.E . G ardner
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 18. Photographs o f  the SI surge layer proxim ally (A. Locality 6). 
m edially (B. Locality 88). and distally (C. Locality 45). Note the dram atic 
inflation o f  SI at Locality 6 to > 3 m. the m assive SI layer in medial 
localities, and distal deposits appear to drape over the top o f  pum ice lapilli 
o f  the PI fall layer. This texture may be the result o f  alteration from the 
soil layer above distal SI layers.













Figure l l>. Isopuch map (A), and Sorting (B) and \h l {C )  
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Figure 20. S! deposit thickness along the B-B' (A) and C-C ' (B) transects, w ith  corresponding 
topography and location o f  where the tw o transects intersect.Note the abrupt decrease in SI 
thickness atop the northern plateau and atop the high elevation ridgeline north o f  C oapan. 
See text for discussion.
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f ig u re  21. Modal and com ponent analysis o f  proxim al (A, from top: lo ca lity  12 |B -B '|, 6, and 5 |A -A '|), 
medial (B, from top: Locality 88, 18. and 82 |B -B '|) , and nearly distal ( ( ’, from top: 45 and 44 |B -B '|)  SI 
deposits. Note the high variability o f  sorting in proxim al deposits (left), com pared to medial deposits 
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f igure  22. (iranulometric analysis o f  SI along the li-li ' transect, including cumulative curves (A), and Md, Sorting, and 
l;2 with distance (Ii, C’, and I), respectively).Distal deposits have the highest Md values, lowest amount o f  fine material 
(1-2), and are the best sorted compared to other SI deposits on the plateau.
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Figure 23. SI deposit thickness versus Md values along the B-B' transect. This 
correlation shows that the thickest SI deposits are fines enriched, whereas the 
thinnest SI deposits are tines depleted.















£  2 n o  







f igure  24. Granulometric analysis o f  SI along the transect, including cumulative curves (A), and Sorting, 1*2, 
and Md with distance (It, C, and I), respectively). Sample localities for SI samples are shown for specific cumulative curves 
(A). Despite the relatively constant sorting (6) in SI deposits, note the fluctuations in f'2 and Md across the t'-C" transect, 
which may result from the undulating front o f  the Sierra Madre plateau escarpment. o
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Figure 25. Photograph o f  the P2 fall layer, with SI below and S2 above (from 
Locality 3).
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Figure 26. Modal and component analyses o f  different heights (A. Lithic-rich 
base: B. Coarse-pumice le \e l:  C. Fine-grained level: and D. Coarse top) through 
the P2 fall layer with increasing distance from Locality 18 to Locality 70. Locality 
18 is - 3  km from vent, and Locality 70 is >20 km from vent. Note the reduction o f  
dense phases such as lithics and Banded and Gray pumices with distance, as well 
as the reduction in Md. See text for discussion.
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Figure 27. Cumulative Curves (A), and changes in Md (B) and Sorting (C) 
with increasing distance For the Lithic-rich base o f  the P2 fall layer. 
Analyses are from 6 localities (3- 27 km from vent), which are noted 
adjacent to the particular cumulative curve. Note that whereas the LRB 
o f  P2 exhibits a reduction in Md with distance, the Sorting values 
display little or no improvement with increased distance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 28. Photograph o f  the top o f  the P2 fall layer. S2 surge deposit. 
P3/4 fall layer, and the thinly coated pumices from the S3 surge (from 
Locality 18). A 60 cm staff is present for scale.











Figure 2 l). lsopach map (A), and Sorting (H) and 
Md ((.’) distrihulion maps for the S2 surge deposit.
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Figure 30. S2 (A) and S3 (B) deposit thickness along the A-A' transect, with 
corresponding topography. Shaded circles indicate sample localities. An abrupt 
increase in S2 and S3 thickness occurs at the break in slope.




Figure 31. S2 deposit thickness along the B-B’ (A) and C-C" (B) transects, with 
corresponding topography.Note the increased thickness o f  S2 atop the northern 
plateau in topographic lows and thinner deposits at topographic highs, and the 
considerably thicker nature o f  S2 atop the plateau in topographic lows compared 
to the higher elevation ridgeline north o f  Coapan. S2 deposits are more than 3 
times as thick along this ridge compared to the SI surge deposit.












Figure 32. Modal and 
component analysis o f  
proximal (A, from top: 
Locality 4, 6, 7, 5), medial 
(B, from top: 51, 88, 18, 
82), and nearly distal ((.’, 
from top: 43. 44, 93, 46)
S2 deposits.Considerable 
variability exists in the 
proximal S2 deposits, 
compared ‘ 
nature o f  particle si/.e 
distribution in the deposits 
found atop the plateau with 
increasing distance. Also, 
despite the nearly constant 
amount o f  fine material 
(- 0.032 mm), S2 samples 
from topographic lows (e.g. 
Localities 82, 46, 88. and 
93) are more poorly sorted 
compared to samples from 
topographic highs (e.g. 




■aram m/ c |plu|
la in  m/ c [phi|
Figure 33. Cumulative curves for the S2 (top) and S3 (base) surge deposits 
along the A-.-V transect. Sample localities are adjacent to their corresponding 
cumulative curves.


























Figure 34. Granulometric analysis S2 (tilled) and S3 (open) surge 
deposits along the A-A' transect, including sorting (A). Fz (B). and 
thickness (C) with distance. Note the drastic im provem ent in sorting, 
and increase in Fz and thickness in both S2 and S3 surge deposits 
at approximately 5 km from vent, corresponding to the location o f  
the break in slope between the eastern flank and the valley floor.
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figure  35. (iranulometric analysis o f  S2 deposits along the B-IV 
transect, including cumulative curves (A), and Md, f’2, sorting, 
and sorting vs. thickness correlation (B, (.’, 1), and li. respectively) 
S2 deposits display a continual increase in fines, and an 
improvement in sorting, along with a steady decrease in Md with 
distance, similar to pyroclastie fall deposits. In addition, thinner 
S2 deposits are systematically better sorted than thicker S2 deposits.

















f igure  36. (iranulomclric analysis o f  S2 deposits along the C-C” transect, including eunuilative curves (A), and 12. Md. 
and sorting with distance (H, and I), respectively). Specific internal hedforms from S2 at Locality 71 arc placed adjacent 
to their corresponding cumulative curves, showing that the majority o f  S2 deposits a long the C-C" transect reflect similar 
modal distribution to the massive and planar-bedded layers, rather than the cross-bedded layers. oi-i
Figure 37. Photgraphs o f  the internal stratigraphy o f  the S2 surge deposit atop the 
northern plateau at Localities 71 (top) and 77 (base).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 38. Modal and com ponent analysis o f  the planar-hedded (A), 
massive (B). and cross-bedded (C). stratigraphy within the S2 surge 
deposit at Locality 71. The upper planar beds appear to display a 
bimodal distribution o f  fine and medium grained particles, whereas 
the middle massive bed is better sorted and enriched in fine-grained 
particles. Basal cross-bedded layers are tines depleted and well sorted.













LU.im ili.im cici iitm u  gjain diameter (nun)
Figure 39. Modal and component analyses o f  the 1*3 (A , pumice-rich lop; H, lilhic-rich base), and the 1*4 





Figure 40. Photographs o f  the S3 surge deposit at Localities 6 (A) and 12(B). 
Basal regions are comm only massive, whereas the upper zones display intricate 
planar bedding. Note the abundance o f  rolled accretionary and armored lapilli in 
the middle and upper planar beds.
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Figure 42. Photographs o f  proximal Jala Pumice pyroclastic flow deposits from 
Phase III at Localities 52 and 112 (A and B. respectively). Thinly bedded ash 
deposits on the southeast flanks resemble M arquesado and North-Flank PFD's 
in overall lithic content. Sierra Madre lithic content, pumice types, and 
stratigraphy. A. Proximal Marquesado ash beds at Locality 52: and B. the 
continuance o f  Phase III ash beds across the southern and eastern flanks o f  
Ceboruco atop the Phase I and II stratigraphy. Note that these ash beds are also 
distinctly rust-color compared to the lighter-colored Phase I and II deposits.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 43. Modal and com ponent analysis o f  the top massive (A), middle 
planar-bedded (B). and lower planar-bedded (C) units o f  proximal 
Marquesado pyroclastic tlow deposits from Locality 52.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
110
grain size [phi]
Figure 44. Cum ulative curves o f  medial Marquesado flow and lag breccia deposits 
(solid thin), distal M arquesado flow deposits (solid bold), proximal M arquesado deposits 
(bold with open-triangle pattern), with superimposed distal co-ignimbrite fall layers (bold 
with open-circle pattern).
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Figure 45. Photograph o f  the Marquesado pvroclastic flow cliffs 
with highlighted zones o f  basal lag breccia to the southwest o f  
Ceboruco at Locality 53. Cliffs in this region are made up o f  at 
least three flow layers( 1. 2. and 3). each between 7-10 m thick.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 46. Modified from Nelson (1980). map o f  the M arquesado flow deposits, 
with extent o f  basal lag breccia (shaded) and locations o f  samples analyzed (dashed 
circles) (top), and generalized proximal-to-distal cross-section o f  M arquesado 
deposits (base). Arrows indicate Location num ber with the num ber o f  samples 
collected in parenthesis.
















Figure 46 continued. Modal and component analysis o f  
Marquesado How deposits (A .2, A.4, B.2, B.4, CM-3,
I). 1) and basal lag breccia (A. 1. A .3, B. 1, and B.3) 
from regions correlating to dashed circles on location 
map. A, Localities 53, and 54; B, Locality 79; C, Locality 
S I ; and I), Locality SO.
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Figure 47. Photograph o f  M arquesado basal lag breccia at Locality 54. with 1.5 m staff 
for scale in center. At this distance ( -6  km), lag-breccia units are typically > 4 m thick, 
and lithic blocks in the breccia are non-graded. angular, and measure up to 180 cm in 
diameter. Modal analysis o f  lag breccia matrix indicates that it is identical to the upper 
portion o f  Marquesado deposits ("flow body" layer).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 48. Com posite  photographs o f  the M arquesado flow and lag 
breccia sequence o f  deposits - 9  km from vent (Locality 79). Note that 
lag breccia deposits at this distance are normally graded, thinner (< 2 m). 
and contain smaller (< 20 cm), subrounded lithic clasts.
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Figure 49. (iranulometric analysis o f  medial and distal Marquesado How deposits, including cumulative curves (A), and 
Md, sorting, and I-2 with distance (H. C\ and I), respectively). Medial deposits are poorly sorted, and relatively ash-poor 
lor both lag breccia matrix and How body samples. Distal deposits contain more lines and are better sorted.
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Figure 50. Photograph o f  the peripheral M arquesado series o f  deposits 
where the basal lag breccia is absent with thin, nearly clast-supported beds 
o f  pumice lapilli in between flow 1 and 2. and 2 and 3 (from Locality 81). 
Com ponent and modal analysis o f  these deposits are identical to samples 
o f  lag-breccia matrix and in samples above basal lag-breccia units (see 
Figure 46). Also, note that this Marquesado deposit sequence is the most 
eastern o f f  all M arquesado PFD's observed, and that it contains 2 thin beds 
(< 10 cm) o f  clast supported  pumice lapilli. Field inspection o f  these 
layers show strong resem blance to the P5 and P6 fall layers, however, 
definitive correlation to these Phase III fall layers is not possible.













Figure 51. Photograph o f  proximal North-Flank pyroclastie How deposit sequence (F I ,  F2, F3, and F4) at
Locality 12 (Note 2 m scale). North-Flank flow deposits steadily increase in thickness from FI to F4, and
progressively channel-till previously emplaced deposits, especially for the largest flow unit, F4. z
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l'igure 53. Modal and component analysis o f  North-l'lank 
How deposits, including llank. proximal (A and B) deposits, 
and plateau, medial (C  and I)) deposits. Note the dramatic 
improvement in sorting and pumice content in the deposits atop 
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Figure 54. Granulometric analysis o f  | 














ission. Figure 55. Modal and component analysis o f  the c l ,  and c2 co-ignimbrite full layers from Localities 65 (A.
from top: c3 ?, c2, and c l ), 67 (1L from top: c2. c l ), and 68 ((.’, c l ). Note the consistently poorer sorted nature
o f  the c l fall unit, compared to the c2 and c3 units. The significance o f th e  c.l layer remains unclear, for is
only observed at Locality 65. “
i->
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Figure 57. Modal and component 
analysis o f  the Lithic fall (A. from 
top: Localities 58. L3: 12. L2: 112. 
L2:and. 109. L I ) and alternating ashy 
beds (B. from top :Localities 58 and 
12). In addition to the anomalously
l l l l l l l l l l l l l i i f l  -= high lithic content (> 85 \vt.%). note
l l l l l l l l l l l l l l l l l l l s a g s  ^  varia bi[ity jn sorting from one
- fa n deposit to another, which suggests
a ballistic source rather than 
sedimentation from an umbrella 
region o f  a plume.
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Figure 58. Idealized dilute (A) and en m asse  (B) sedimentation o f  
particles (S / S J  o f  different grain sizes with increasing distance from 
the plume com er (/-.,) or  from a point designated as the first in a lateral 
profile, described by the model o f  Sparks (1091) and Bursik et al.
(1992a). Grain sizes 0.0 to 2.0 phi are indicated adjacent to corresponding 
mass accum ulation trends.
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Figure 59. Mass accumulation values for lithic (A) and crystal (B) particles, 
with distance for the base o f  the PI fall layer (S, = sample from Locality 18). 
Note that despite the exponential decrease in the coarsest-grained lithics. 
the general patterns for lithic sedimentation are somewhat erratic, whereas 
sedimentation o f  crystals exponentially decreases w ith distance. Thus, the 
distribution o f  crystal mass with distance reflects particle transport and 
deposition from a dilute and turbulent low-particle concentration density 
current. Grain sizes for lithic (-2.5 to 2.0 ) and crystal particles (0.0 to 2.0 ) 
are indicated adjacent to corresponding mass accumulation trends.
n i  III
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Figure 60. Mass accumulation values for lithic (A) and crystal (B) particles 
with distance for the top o f  the PI fall layer (S, = sample from Locality 18). 
Note that patterns for lithic sedimentation continue to be somewhat erratic, 
w hereas sedimentation o f  crystals exponentially decreases w ith distance. Thus, 
the distribution o f  cry stal mass w ith distance reflects particle transport and 
deposition from a dilute and turbulent low-particle concentration density 
current. Grain sizes for lithic (-2.5 to 2.0 ) and cry stal particles (0.0 to 2.0 ) are 
indicated adjacent to corresponding mass accumulation trends.




I I l l - I l l
I I I I  - I I I
I I I I  - !•<
I I I I  - < l '
I I I I  . 1 1 -
I I  I I H I 2 lM i . ' i n i  J im
D M ii i iC L -  i k i w  | r  2 -  r .  2 |
'(in dim
B.
1 i l j  H .
l| - U
D is t a n c e  i k m n r  «  - r  Z<
Figure 61. Mass accumulation values for lithic (A) and crystal (B) particles 
with distance from the lithic-rich base o f  the P2 fall layer (S, = P2 sample 
from Locality 18). Note that patterns for lithic and cry stal sedimentation 
in this case are both erratic. However, if sample Localities 18. 50. and I 
are considered to reflect convective sedimentation, because they are 
located ~6 km or less from the eruptive vent, thus inside the plume corner, 
and are removed from the calculations, the sedimentation o f  lithic and 
cry stal particles drastically improve (C and D).
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Figure 61 continued. From these localities, the distribution o f  crystal mass 
with distance reflects particle transport and deposition from a dilute and 
turbulent low-particle concentration density current. See text for 
additional discussion. Grain sizes for lithic (-2.5 to 2.0 ) and crystal 
particles (0.0 to 2.0 ) are indicated adjacent to corresponding mass 
accumulation trends.
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Figure 62. Vlass accumulation values for lithic (A) and crystal (B) particles 
with distance from the Marquesado How deposits. Whereas the coarsest 
lithic clasts do exhibit exponential sedimentation, the remaining lithic clasts 
and cry stals display a somewhat random distribution in mass accumulation 
values. Best-fit curves for each grain-size is subhorizontal, w hich reflects en 
masse freezing from a high-particle concentration density current. The poor 
correlation o f  data points, however, suggests that transport and deposition of 
particles was not purely en masse (A, = Locality 54). Grain sizes for lithic 
(-3.5 to 2.0 ) and cry stal particles (0.0 to 2.0 ) are indicated adjacent to 
corresponding mass accumulation trends.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
131






I I I I  - n ;
B.
1 > is t ;u i i:c  I k m  I
-0.5
Figure 63. Mass accumulation o f  lithic (A) and crystal (B) particles from SI 
deposits along the B-B' transect (S., = Locality 12). The erratic array o f  mass 
accumulation values for lithic and crystal particles in S 1 suggest that the 
transport and deposition o f  material reflect neither perfect sedimentation 
from dilute and turbulent low-particle density currents, nor from en masse 
freezing from a high-particle concentration density current. To test if this 
may result from blocking at the plateau escarpment. S t values were replaced 
w ith the sample at Locality 18. which is on top o f  the plateau. Mass 
accumulation values for lithic and crystal particles from these calculations 
are shown in C and D. respectively.
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Figure 63 continued. Because mass accumulation values in these 
calculations remains erratic in nature, topographic blocking probably 
did not affect the transport and deposition o f  material in the SI surge. 
Grain sizes for lithic (-2.5 to 2.0 ) and crystal particles (0.0 to 2.0 ) 
are indicated adjacent to corresponding mass accumulation trends.
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Figure 64. Vlass accumulation values for lithic (A) and crystal (B) 
particles from S2 surge deposits along the A-A’ transect (S , = S2 sample 
from Locality 7). In both cases, although the coarsest lithic clasts do 
exhibit exponential sedimentation, the majority o f  the lithic clasts and 
crystals display somewhat erratic mass accumulation patterns that appear 
to reflect neither en masse freezing from a high-particle concentration 
density current nor via turbulent suspension. Grain sizes for lithic (-2.5 
to 2.0 ) and cry stal particles (0.0 to 2.0 ) are indicated adjacent to 
corresponding mass accumulation trends.
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Figure 65. Mass accumulation values o f  lithic (A) and crystal (B) particles with 
distance for S2 surge deposits along the B-B’ transect. To test whether the Sierra 
Vladre cliff face may have had any affect on the S2 surge cloud (e.g. “blocking"). 
A and B present values for S2 particles with Locality 12 (on the northern flank) 
representing .S'. whereas figures C and D show S2 deposit values with Locality 
18 (atop the plateau) representing S„. Despite the erratic nature o f  the lithic 
particles in both calculations, the mass accumulation of crystals with distance 
improves dramatically when considering deposits at Locality 18 as representing 
.S' rather than at Locality 12.
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Figure 65 continued. This indicates that atop the plateau, sedimentation 
of particles from the S2 surge occurred predominantly via turbulent 
suspension. This is likely the result o f  topographic blocking of coarser- 
grained material that had accumulated at the base o f  the density current 
when S2 encountered the Sierra Madre escarpment. Grain sizes for lithic 
(-2.5 to 2.0 ) and crystal particles (0.0 to 2.0 ) are indicated adjacent to 
corresponding mass accumulation trends.
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Figure 66. Mass accumulation values for lithic (A) and crystal (B) 
particles with distance for S3 surge deposits along the A-A' transect (S,= 
Locality 6). Lithic and crystal clasts display erratic mass accumulation 
patterns that reflect en masse freezing rather than sedimentation via 
turbulent suspension. Also, a general increase in sedimentation with 
distance is observed, which is not predicted by en masse sedimentation. 
Internal planar bedding is abundant in S3, however, which suggests 
transport and deposition in a laminar flow regime. Grain sizes for lithic 
(-2.5 to 2.0 ) and crystal particles (0.0 to 2.0 ) are indicated..









Figure 67. C onceptual model for the transport and deposition o f  material from the Marquesado How deposits 
(after Macias at el.. IWX). The tlow is depicted as separated into two main parts, a basal dense /o n e  rich in lithic 
clasts, and an upper dilute /.one rich in liner-grained particles resulting from prolonged pulses o f  column-collapse.
A, Following column-collapse, the density current Hows down the southwestern Hanks via momentum owning to 
the exceptionally high partiele-coneentration o f  the basal /.one o f  the flow; B, Upon encountering the break in slope 
at the base o f  the SW  tlank, the velocity o f  the How abruptly decreases, resulting in massive unloading o f  coarse 
blocks o f  lithics as a lag-breccia, and the formation o f  an elutriated cloud o f  tine particles owing to the hydraulic 
jum p  experienced at the Hank base; C, I.ithic clasts are re-entrained into the density current and deposited 
dow nstream as a function o f  their si/.e and the settling velocity within the density current. The systematic decrease 
in lithic clast si/.e and increase in subrounded lithics in basal lag-breccia deposits with distance suggests that attrition 
o f  particles via saltation and inertial-grain How at the base o f  the density current was the predominant nature o f  
particle transport and deposition in this region; I), With continued sedimentation o f  material, the density currents 
eventually reaches a bulk density less than that o f  the surrounding atmosphere, at this point the Marquesado tlow 
buoyantly lifts o ff  into a co-ignimbrite cloud.
Fountain
Edge
Figure 68. Schematic comparison o f  the processes operating in Subcritical 
(top) and Supercritical (base) flow regimes, modified from Bursik and 
Woods (1996). In this model, the run-out distance, and thus the capacity for 
the transport and deposition o f  material with distance is largely a function 
o f  the mass o f  air that is entrained into the "flow " body, and the "flow" 
velocity. The rate in which entrainment occurs is expressed by the Richardson 
num ber (R,). which depends on the ratio o f  the potential energy required to 
entrain the overlying buoyant current to the kinetic energy o f  the flow 
(Equation 5). Subcritical density currents are thicker and slowly propagate 
with a nearly constant volume flux because entrainment o f  air is negligible, 
whereas Supercritical density currents are thinner and rapidly propagate, 
which facilitates the entrainment o f  large amounts o f  air and the subsequent 
inflation o f  the density current. Therefore. Subcritical "flows" will have longer 
run-out distances prior to buoyant lift-off compared to "flows" traveling in a 
Supercritical flow regime.
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Figure 69. Conceptual model o f  transport and deposition o f  material from the 
SI surge deposit to the north o f  Volcan Ceboruco. A. Following what was 
probably a phrcatomagmatic eruption, the density eurrent is thick and slowly 
travels down the northern Hank o f  Ceboruco in a Subcritical How regime, 
which impedes complete development o f  internal density stratification: B.
As the density current propagates up and over the Sierra Madre escarpment, 
the velocity o f  the density current decreases, which results in the simultaneous 
deposition o f  material (largely en mas.se) and increased supply o f  fine particles 
from the transport system to the depositional system: C. Atop the plateau, the 
SI surge progressively deposits material (largely en m asse) in greater and greater 
amounts owing to the continual decrease in How velocity. As the velocity o f  
forward motion in the SI surge cloud approaches zero, the upper and dilute 
portion buoyantly rises, which transports fine material vertically: D. Distally 
thin SI deposits result from the sedimentation o f  fines-depleted material via 
turbulent suspension.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 70. Conceptual model tor the transport and deposition o f  material 
from the S2 surge deposit to the north o f  Volcan Ceboruco. A. Following a 
partial colum n-collapse event, the density current is thin and rapidly travels 
down the northern Hank o f  Ceboruco in a Supercritical flow regime, w hich 
facilitates early developm ent o f  internal density stratification; B. At the 
break in slope o f  the northern and northeastern flanks, the velocity o f  the 
flow abruptly decreases, resulting in massive unloading o f  material, and 
the formation o f  a weak elutriated cloud o f  fine particles. At the Sierra 
Madre escarpment, the basal region o f  the S2 density current is blocked, 
resulting in both a hydraulic jum p  in flow velocity, m arked by the local 
change in surge deposit bedforms at the Sierra Madre c liff  face, and for 
particle deposition to be largely dom inated by the upper dilute and 
turbulent transport system once upon the plateau; C. Atop the plateau, the 
S2 surge current actively entrains surrounding air and deposits material as 
a function o f  topography, where topographic lows promote thicker, more 
poorly sorted deposits, and topographic highs result in thinner, better 
sorted deposits; D. Continued entrainm ent o f  large am ounts o f  air results 
in the volume o f  S2 to increase, thus a decrease in density, which 
eventually results in the abbreviated run-out distance o f  the S2 surge with 
buoyant lift-off.
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Figure 71. Conceptual model for the transport and deposition o f  material from 
the S3 surge deposits to the north o f  Volcan Ceboruco. A. Following what 
appears to have been a phreatomagmatic event, the density current is thin and 
rapidly travels down the northern Hank o f  Ceboruco in a Supercritical How 
regime, which facilitates early development o f  internal density stratification 
where saltation and attrition o f  particles seems to have been the principal 
means o f  particle transport and deposition in the basal surge levels as evidenced 
by the abundance o f  rounded and rolled material: B. Between the break in slope 
o f  the northern and northeastern flanks and the Sierra Madre escarpment, the 
S3 surge continued to entrain large am ounts o f  surrounding air. resulting the 
coincident deposition o f  material and the rapid inflation o f  the density current, 
which subsequently formed an elutriated cloud o f  fine particles via buoyant 
lift-off: C. Fine-grained ash from the elutriated The S3 surge cloud continues to 
drift in the direction o f  original How direction, coating pumice lapilli clasts as 
they were deposited from the late P3 and early P4 fall layers locally atop the 
northern plateau.
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Table 1. Pyroclastic stratigraphy and eruptive style from the '1 0 0 0  A.D.
Jala Pumice eruption ( ' and from Gardner and Tait. 2000). Tephra volumes 
estimated from isopach maps. M agm a volumes calculated assuming a deposit 
density o f  900 kg/ m \  a m agma density o f  2500 kg/ m \  and subtracting lithic 
contents. Stratigraphic nomenclature based on Gardner and Tait. 2000. 
not determined.
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Table 1 continued.
Phase III 11.12 ! n.a. - Phase III deposits are
dominated bv lithic-rich 
( ■ 70 vvt."») pv roclastic 
llou sequences, and at 
least 2 Plinian fall 
deposits (P5. PCs I.
I he simultaneous 
deposition of Plinian fall 
deposits and pvroclastic 
llou deposits are the 
result of repeated 






I’oorlv exposed Plinian 
fall deposits
See above
Co-ignimbrite fall lavers 
from the I s and F4 
North-Flank PI 0 ‘s
See above
l inal fall deposits 
resulting from several 
alternating showers of 
block and ash as ealdera- 
collapse linali/ed._______
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Table 2. Location and granulometric analyses for the P I .  P2. and P3/4 fall layers
L.ocalit\ | Distance from will ikm) Sample ~ Mdo T o . 1-2 mi "oi
1 i 0.07 PI 0-20 em -4.4 i 0.70 o :
PI 120-155 em -5.7 1.17 0 :
i PI 227-247 cm -5.2 j 1.55 0
i P2 l.RIt -2.0 1 1.22 0
18 5.75 PO -1.0 1.55 o.5o %
[ PI 50-70 ctn -5.0 1.50 0
PI 200-220 cm -5.7 1.51 0
IM 540-500 cm -5.0 1.20 0
PI -40 cm i -4.1 1.47 0
PI -2(lcm -5.1 ; i.o5 0 ,
P1 line-erain tup -0.2 1 1.14 0
P2 l.RIt' -5.4 1.15 0
P2 2o-oo cm -4.0 1.51 0
P2 85-1 1 1 cm -2.4 1.55 0.45
P2 11 l-l IX cm -2.0 1.44 0.17
P5 l.RIt -2.0 i 1.20 0.44
P5 tipper pumice ' --’-4 i 1.40 o.2o
P4 lower pumice ; -3.3 ; 1.50 0.52
P4 lithic top ; -2.o 1.28 0.05
20 14.17 PI 0-20 cm -2.0 0.71 0
PI 120-140 cm ; -2.0 1.20 0
PI 240-250 cm -I-4 ; 1.24 0
P2 l.RIt -5.4 ; 1-15 0.58
41 14.42 PI o-2o cm -2.7 1 l.2o 0
PI -lo cm -1.7 : 1-25 0
P2 l.RIt -2.1 : 1.25 0
50 5.42 PI 0-15 cm -4.2 0.0| 0
PI 15 cm -5.8 1.40 0.54
P2 l.RIt -5.7 1.10 0.54
00 25.25 PI 0-50 cm -0.0 0.70 0.80
PI 57-87 cm -0.8 ; 0.08 0.51
PI -10 cm -0.4 1.24 1.54
70 22.5 P2 l.RIt -0.8 1.00 0.87
P2 CPI - 0.0 ' 1.07 0.84
P2 top -0.4 . I.lo 1.05
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Table 3. Location, thickness, and granulometric analyses for the S I .  S2. and S3 
surge deposits.
Local its Distance (km) I hickncss (cm 1 Sample - i Md« ! 09 ! 1-2 (SM "»l
SI 1
5 5 24 4.2 CBV-5-1 i 1.5 1 * 77 54.57
6 5 oX 2.5 LBV-d-l ! 4.4 1.21 74.16
1 1 5.47 4.X cbv-i 1-1 1 1 s 5.54 41.4X
12 2.05 5.5 CBV-I2-I ! 1 1 1 2.27 IX.XI
17 4 45 11 t BV-S-24 : 2 4 I 2.7ft 44.56
IK 7 77 X l b v -s-i ; 1.7 2.04 22.6X
44 6 42 1 c n v - s - 4 1 0.2 2.44 16.44
45 'X " 1 t u v . s .5 4 ! 0.1 2.04 10. OX
44 4 ' 6 (1 l b v -so ! 1 1 205 2' 51
51) 5 42 7 5 LBV-S-I 1 15 ' 2.75 23.76
51 5 55 5 5 CBV-S-4 5 0 2 47 4 3 6 1
' I 4.05 . i (.BV-S-25 i -■» i 2.X4 36.X4
- - 4 52 0 5 (.BV-S-24 1 0 2.75 71 ~7
s : 5 44 X LBV-S-X . s ; 1 J 4- 1^ 24 X5
X3 (i.55 5 LBV-S-I 5 ' s 7 ; 2.XI 414
X4 ' I I i CBV-S-15 1 0 ; •’ 22 26 54
X5 '12 15 No sample 11 a na 11a
Xft '  IX 2 5 l b v -s-t s - 2.X 1 22.5X
_XX______ 4 45 15 . I BV-S-22 5 4 2.54 53,5'
S2
1 (i O' l ■; LBV-l-l 4 5 1.05 74 '5
4 5 5(1 ~ LBV-4-1 1 ' 2.'4 2X06
5 5 24 HI 2 ( '| J V’. >_ : -2.X i 5.46 14 14
6 5 dX l o o LBV-0-4 5 (1 5 41 50 21
- 7 7" I n " LBV-'-1 1.5 5 '(> 23.46
12 2 05 (1 LBV-12-6 15 1 5.05 3t).‘T3
IX 7 7" 14 / •(> y3 l  ^ - : 2 24 47.21
45 5 54 15 LBV-S-21 4 2 lo5 61.55
44 (1 42 12 C H V 5 4 ; 2.01 55 41
4(i X 2 12 - - : 2.45 51 34
51 7 7 7 IX 5 L B V - s -10 1 1.45 51.26
"I 405 N > LBV-S-26a 2.5 ! 2.5X 42.14
"1 4.05 5.X LBV-S-2(ih 4 .2 I 1.57 6X.06
' 1 4.05 15 LBV-S-26c s 1 I.4X 20.62
4 52 4 LBV-S-2X 4 IO 54.44
X2 5 44 15 LBV-S-" s - 1 T 1 54.7
S3 (i 55 Id LBV-S-I 4 4.2 102 64.76
X5 '  24 14 LBV-S-I 6 5.ft ; 2.24 52.04
XX 4 45 Id 5.4 2.54 4X.54
42 '  X~ 15 LBV-S-5 1 4.1 ; l 61.14
45 " "s X LBV-S-52 5.4 i 2.24 53.16
44 "fi2 X.2 C'BV-S-50 4.2 2.55 57.6X
44 5.4(i 14 : 2.44 30.44
S3
1 ; 4.'(i 15 LBV-1-2 5.(1 2.24 50 4
6 : 5 OX 15 2 LBV-ft-2 2.1 5.02 34 42
44 : 5.4(1 14.4 t'BV-44-I 0.(1 5.05 20.07
12 ! 2.05 : 14 LBV-12-76 0.7 2.21 14 38
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Table 4. Location, thickness, and granulometric analyses for the North-Flank and 
Marquesado tlow deposits, and the co-ignimbrite fall layers (*'s indicate lag breccia 
matrix samples).





7 ■ 5.57 -i-i CIU-7-2 1.4 2.78 I 55.87
i : 2.05 58 CUV-12-5 (12) i 0.2 5.47 22.15
12 2.05 145 : c n v - 12-4 ( 1 -5 ) ! -2.4 S 1 i 4.07
12 2.05 : 205 CUV-12-5 (t'5) 1 -2.7 2.48 8.81
12 1 2.05 550 C I1V-I2-8 (1-4) i -i.4 5.55 i 17.1
12 1 2.05 485 c n v - 1 2 - 4  ( f-4) -1.5 5.55 ; 21.82
IS : 5.75 25.2 CHV-S-5 2.54 j 55.6
24 i 14.17 6.5 CHV-24-2 2.4 2.54 54.77
71 ! 4.05 15 c n v - i - i 1 -0.7 2.44 i 16.7
77 4.52 11.5 c n v - t -2 0.6 2.88 | 17.46
Marquesado
5.1 S.S4 750 *C»V-\I-I 0.5 5.14 ; 25.47
5.i 8.84 850 Cn\'-M-2 -0.6 5.54 ! 11.75
55 8.84 650 c n v - M - 5 -0.4 5.07 i 15.68
54 8.47 450 •CHV-M-5 -1.4 5.24 j 10.45
78 4.21 1 pumice lens) CHV-M-4 -0.4 5.15 ; 12.64
74 4.75 S5 •C»V-M-6 ; 0.4 5.55 26.22
74 4.75 125 CHV-M-7 : 0.5 2.88 14.16
74 4.75 75 "CM V-M-S ; 1.5 5.24 1 25.56
74 4.75 150 c n v - s t - 4 2.4 2.44 40.55
SO > 1 1.45 65 CHV-\I-I0 5.4 s -t 44.28
SI 6.75 500 CHV-M-15 -0.7 5.44 17.68
SI 6.75 S85 CHV-M-14 -0.5 5.06 I 1.75
SI 6.75 260 t n\ -\i-i6 0.6 5.51 14.78
52 1.6 14 C»V-52-2a 2.1 1.57 25.52
52 : 1.6 IS C B\ -52-2h 2.S 2.55 ! 58.74
52 , 1.6 -> -> CHV-52-2c 4.2 1.51 64.05
«.•/. c2. cJ
65 26.42 4.2 CHV-65-1 (cl ) 2.4 2.45 ! 52.71
65 26.42 5.1 CHV-65-2 ic2) 1.4 2.01 ! 28.2
6 5 j 26.42 5.2 CHV-65-5 ic5) 1 0.4 i 1.41 S.52
67 ; 22.6I 4.5 CHV-67-1 (cl 1 : 2.4 2.46 42.22
67 22.61 5.5 CHV-67-2 (c2l : -0.1 1.74 10.45
68 i 22.75 4.2 c n \ -6S-2 (ch ; 5.2 1 2.41 47.47
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Formulae o f  used Inman (1952) parameters:
Median Diameter (Md#): <j>>o.
Weight fraction "Fines" (F2): X <t> 4.5. <j> 5.0. <|> 6.0. and <|) 7.0
and from Folk and Ward (1957):
Inclusive Graphic Standard Deviation, a measure o f  sorting (cr*):
[(<j>84 -  <t>lft)/' 4 | * [(<j)‘)5 -  (t>5 )/6.6|
Component Analysis:
The relative proportions o f  the different components in a pvroclastic deposit 
reflect its mode o f  formation, and provide insight into its mode o f  transport (Walker.
1971: Sparks. 1976). In this study, component analysis was performed in the following 
procedure:
1. For all grain sizes (-5.0 to 4.0 6. at 0.5 <j) intervals), components were 
discriminated as. White Pumice. Gray Pumice. Banded Pumice. Lithic. 
Crystal, or Glass if the juvenile material was nearly or totally vesicle free 
(<10%). Where noted, most lithic component counts in samples were 
distinguished further as. Proximal Lavas. Sierra Madre. o f  Granitic clasts.
2. With the exception o f  the pvroclastic fall deposits collected by Gardner and 
Tait (2000). which were sieved and weighed (-5.0 to -2 .5  <j>) in the field, all 
particles in the grain sizes between 31.5 mm and 5.6 mm (-5.0 to -2 .5  <b) were 
counted and w eighed as total w eight at the University o f  Alaska Fairbanks.
3. For particles in the grain sizes between 4.0 mm and 0.5 mm (-2.0 to 1.0 <l>). 
random splits o f  particles w ere counted in groups o f  >500 with the aid o f  an 
automated point counter and a binocular microscope. As the counts were 
performed, each component would be separated and placed in their respective 
component group to the side. Once I had exceeded 500 counts. I would weigh
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the respective amounts o f  each component and convert that split into the total 
weight for that grain size interval.
4. For particles in the grain sizes between 0.5 and 0.063 mm (2.0 to 4.0 <j>). 
components were randomly point-counted under a binocular microscope in 
sets o f  >500 particles. These abundances were then converted into weight 
fraction by multiplying the respective abundance o f  the component by a 
conversion attained from an average o f  >1000 particles o f  that same 
component previously counted and weighed at the very beginning o f  this 
study. These averages were used for fall, surge, and tlow samples alike.
5. For particles in the grain-sizes finer that 0.045 mm (4.5 to 7.0 <j>). a Spectrex 
Model E laser particle counter was used in cooperation with the 2000 Win- 
Spec software. At least 1000 particles were laser counted, to assure the most 
reliable results recommended by the manufacturer. Precise identification o f  
components could not accurately be done with these micro-particles, however, 
so only bulk weight fractions o f  grain size intervals o f  finer that 0.045 mm 
could be determined using an average density per grain-size fraction that was 
converted to mass as outlined in Appendix 2. The "Not Available" ("NA") 
abbreviation in the granulometric analysis histograms represents these finer 
grain size intervals.
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A collection o f  sample locality descriptions is presented in this section along with 
the granulometric and component analysis results from each sample. All sample localities 
discussed in this thesis are presented in order o f  Locality number, and include the latitude 
and longitude location o f  the locality (* = i fo n e  was taken), measured stratigraphy, a 
brief description o f  important Jala Pumice tephra layers, and the correlating sample ID 
number ( if  one was taken).
In the granulometric and component analysis result pages, all the samples that 
were analyzed for this thesis are presented here, w ith the sample number being located in 
the upper left corner o f  each page for reference. Granulometric results from the Jala 
Pumice tephra is organized in accordance to the stratigraphic position o f  the tephra layer, 
with the PO fall analysis being presented first, and the L 1. L2. and L3 Lithic fall analyses 
being presented last (e.g. PO. PI. S I .  P2. S2 .. .) .  Sample ID names may include a 
reference to the height in the deposit from which it was taken, where positive intervals 
(e.g. 200-220 cm) refer to the height as measured from the deposits base and negative 
intervals (e.g. -2 0  to -4 0  cm) refer to the height as measured from the deposits top.
All tables include the bulk weight o f  the sample, the weight fractions o f  each 0.5 (J> 
interval, and the corresponding cumulative weight percentages. Most sample weights are 
in presented in milligrams to an 0.1 mg accuracy, however, all grain-sizes coarser than -
2.0 <j> in the PI. P2. P3. and P4 samples were measured to an accuracy o f  1.0 g in the field 
by Gardner and Tait (2000). In addition, in all P I .  P2. P3. and P4 samples, the weight 
fraction indicated at the 2.5 <J> grain-size represents the bulk weight < 2.5o.
Granulometric analyses are presented in the upper right comer (Md*. cr*. and F2). 
and component analysis results are presented in the lower two tables. Abbreviations such 
as Wp. Gp. and Bp represent White. Gray, and Banded Pumice, respectively. Minor lithic 
population counts (Sierra Madre and Granitic clast lithics) were performed on samples in 
the -1 .0  <j> to 3.0 (j) (2.0-0.125 mm) grain-size interval only.
Appendix 2.
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All fields that display a numerical value (>0 ) indicate that analysis o f  that sample 
was performed, whereas samples that were not analyzed for a given component display 
the n.a. (not analyzed) notation. Fields that display a "0.0+" notation indicate that the 
value for that field is greater than 0. but less than 0.0.
Conversion factors used for the different components in this thesis for the 2.0 <() to
4.0 cj) (and the N.A. estimates for 4.5 d> to 7.0 <(>) are presented below in mg:
<i> ; mm\
Wp Gp BP Xtal Lithic Glass i N.A.
1
2.0 0.250 0.015 0.018 0.018 0.045 0.045 0.040 ; *
2.5 0.180 0.006 0.007 ; 0.007 : 0.014 0.014 0.0013 ■ *
3.0 0.125 0.003 1 0.0031 0.0031 0.0058 0.0058 0.0053 , *
3.5 : 0.090 * * * 0.0046 0.0046 0.0036 *
4.0 0.063 * * * 0.0029 0.0029 0.0023 *
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Locality = l.at Long * PTephra Layers ; Tephra Notable Sample ID
; ! (Top to Base) i Thickness | Observations j
1 ; n.a. Pumice - soil 1 80 cm i
, North-Flank PFD 15 cm Pinkish-gray.










s: 23 cm Top is olive- 







p: 28 cm ' P2:LRB
SI 4.5 cm Olive-gray.
massive
PI top 2 cm Accretionary - 
lapill i-bearing
' CBV-l-3
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Locality ~ ! Lat Lone * Tephra Layers ; Tephra Notable Sample ID !
! (Top to Base) Thickness Observations Ii
5 n.a. > Pumice -  soil . "?0 cm ;
i






P2 1 0 cm ;
: ;





ash bed that 
laterally 
inflates into 











6 n.a. Pumice - Soil -50 cm










' S2 10 cm Olive-gray.
planar bedded
P2 14 cm
: SI 2.5 cm : Olive-gray. CBV-6-i
massive
PI -85 cm
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; 7 ■ N2 1” 6' 58.4" Pumice - Soil : -55 cm
W I04°21)' 0.2" P6 10 cm
! North-Flank 23 cm Light-gray. CBV-7-2 :
PFD (F3) massive
P5 ! 13 cm
North-Flank 22 cm Light-gray.
PFD (F2) massive
! P4 15 cm
1









] | laminated top
■ P2 18 cm
: si 138 cm Olive-gray.
massive.
pumice-
bearing ( 1 3
cm diameter)
pi •300 cm
Locality - I Lat Long * Tephra Layers Tephra Notable Sample ID
(Top to Base) Thickness Observations
N 2 1° 10' 46.3" Pumice 
W104" 32' 28.7" ; P2 
! SI
PI
Soil ■30 cm 
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Locality  ^ j
1i







12 ! N 21° 8' 54.6” Pumice - Soil 100 cm •
W104 29* 16.6" . !
L.2 45 cm -'•90% lithic CBV-l2e-2:
block fall Fall.
! 1 interbedded CBV-l2e-3:
I 11 with ashy bed Ash bed
! LI 47 cm •90°o lithic
! ' ] block fall
j interbeddedi
| ; with ashy bed
North-Flank -400 cm Dark-gray. CBV-12-8
PFD (F4) Massive body




i : in lag breccia> ‘ •35 cm in
; 1 ' diameter
P6 14 cm
North-Flank ! 210 cm Dark-gray. CBV-12-4:
PFD (F3) massive, lag Pumice lens
breccia at CBV-12-5:
base is 20 cm bulk
thick
P5 12 cm
North-Flank 58 cm Dark gray. CBV-12-3
PFD (F2) massive, no
1 lag breccia
i• North-Flank 0 cm Dark gray. CBV-12-2' j
PFD(FI) massive, no
; i lag breccia
; P4 i 20 cm!j
S3 19 cm Accretionary CBV-I2-7a:
lapilli-rich. Planar beds
: Intricately CBV-l2-7b:
• stratified with Massivet j planar and beds
cross bedding
: J P3 21 cm
.
, S2 5 cm Planar bedded CBV-12-6
1i , in middle-top
i ! : P2 I 31 cmi ! SI i 5.5 cm Massive with CBV-12-1
I lithic-rich
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Locality ~ Lat Lone *
j




Notable Sample ID ; 
Observations j
17 ! N21" 10' 20.8" Pumice - Soil 44 cm
VVI04° 2‘) ' 32.0" P3 4 25 cm !
S2 12 cm Olive-gray.
planar bedded ;
P2 101 cm | '
SI 10.5 cm Pinkish-gray. ! CBV-S-24




PI -700 cm , ,
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of P4 lithics 















top 1.5 cm 
Thin bed of 
accretionary - 
lapilli - 
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29
! Lai Loim * Tephra Layers Tephra ! Notable Sample ID
(Top to Base) Thickness Observations1
1 N211’ 7' 55.2" Pumice * Soil 12 cm i
: W104° 22' 8.1" P3 : 2.5 cm j
S2 2 mm ; Faint, thin 
olive-gray ash
P2 12.5 cm ; Lower 3.5 cm 
is coarser- 
1 grained and 
: lithic-rich
P2 LRB
PI 259 cm | Thin bed of 
accretionary- 
lapilli - 
lithics at very 
top 1 cm
CBV-29-1: 




Localitv-• l.at I.onu Tephra Layers Tephra Notable Sample ID
(Top to Base) Thickness Observations
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Locality « Lat. Long * ! Tephra Lasers ! Tephra Notable Sample ID
i (Top to Base) Thickness Observations ii
! 43 ; N 2P  I I’ 2.6" Pumice - Soil -25 cm j
j Wl()4l’ 2lV 23.8" ' S2 15 cm Pinkish-gray. CBV-S-21 ,
; . massive with
j thin planar
bedding at top 1
P2 47 cm i








' Locality = ! Lat Long * Tephra Layers Tephra Notable Sample ID
(Top to Base) Thickness Observations
44 Pumice - Soil
s:
•30 cm 
12.5 cm ; Pinkish-gray.
faintly 







1.7-2.5 cm Olive-gray, 
massive with 
laminations at 


























1 N2I" 12' 1.8"
W104" 28' 45.6"


















‘ L.ocality j  Lat Long * Tephra Lasers Tephra
; 1 (Top to Base) Thickness
Notable Sample ID 
Observations
' 46 j  N21°I2'4.4" j Pumice - Soil -30 cm









; P2 80 cm
SI 1.5 cm Olive-gray. i CBV-S-20
i 1 ■ massive w ith ;
I : ; laminations at :
1 1
top 0.5 cm.
■ i . ' basal cm• 1  ■ ,
I ! : ! drapes over i
1 [ , PI top
i ; PI 363 cm ;
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Locality ~ Lat. Long * Tephra Lasers 






49 j n.a. Pumice * Soil
! P-
: -25 cm 










PI 332 cm CBV-S-6a: ' 
! PI top cm 1
PO 4.5 cm







; 50 ' N2I" 1 r  19.9" 1 Pumice - Soil 22 cm i
WI04" 30' 55.6" i S2 17 cm Pinkish-gray.
massive with
1 ! thin planar
' ! bedding at top '
! P2 41 cm 1 LRB
f| SI | 3.5 cm i Olive-gray. CBV-S-II '
massive with
laminations at
: top 1.75 cm
1 PI 183 cm CBV-S-12 '
| (PI top cm). 
; -15 cm.
0-15 cm
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SI 3.5 cm Olive-grav. CBV-S-9
massive with 
laminations at 
top I cm. 
armored- 
lapilli rich, 
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Localitv = ! Lai Lon*: * Tephra Layers Fephra ! Notable Sample ID
" i  ~
i
; (Top to Base) Thickness Observations
52 ; n.a.. Pumice - ashy •55 cm
: (100 m cast of Soil J
where southern Vlarquesado- 83 cm Pinkish-gray.
flank road from North-Flank massive top and
Jala enters outer PDF ; middle, basal





P5 5.5 cm Pumice fall 
with abundant 
lithics ( •30°o) 
and gray 
pumice clasts
Marquesado- (i 1 cm Deep rust CBV-52-2a




upper 20 cm. 
Lincomformibly 
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! Locality = Lat Lone * i Tephra Layers Tephra Notable Sample ID
1 (Top to Base) Thickness Observations I1 i ;
53 i N 21° 4' 47" Ash> Soil 100 cm
' WI04“ 35’ 2” Marquesado PFD’s 30 m Series of at CBV-M-I:




in color w ith body.
a massive. CBV-M-3:
poorK sorted. Upper tlow
ashy body breccia










sum to -30 m
in relief
Localitv = I.at Lone Tephra Lavers Tephra : Notable Sample ID
(Top to Base) Thickness ; Observations j
54 n.a. Ashy, blocky soil 300 cm
Marquesado PFD's 6 m Upper tlow 
lag breccia 
exposure. 
Blocks up to 
180 m in 







Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
174
Locality = i  Lat Lonu *
j







i Sample ID !
i  1
65 !  N 2P 10* 17.9" ;  Pumice *  Soil ;  15 cm
j W 104" 15' 35.9" P8 (?) 10 cm Pumice fall !  '
i ‘  P7 (?) ;  9 cm Pumice fall ;  i








'  ,  1 
C  - 1.2 cm Pinkish-gray.




! ' c l 2.75 cm Pinkish-gray. ;  CBV-65-1
1 fine ash
1 P3 4 2 mm
'  S2 2 mm Light gray
1 1 ash layer
J P2 ! 4.7 cm i |
:  PI 100 cm
, Localitv = Lat Long *
l
: Tephra Layers 






: 67 N2T’ 9' 51.4" j Pumice - Soil ■ 18 cm




| ! P61 l 5 cmi
c 2
1
; 7 mm Pinkish-gray. ’ *
: i fine ash
; 1 P5 3 cm
■
1 c l 5.5 cm Pinkish-gray. ' CBV-67-1
1 fine ash
: P3 4 2.5 cm
I ; P2 9.7 cm
' PI • 100 cm ! :











i Sample ID i
68 ! N2T I0‘ 26.5"
| \V 104° 17' 46.7"










P3 4 4.6 cm
S2 2 mm ; Olive-gray. 
: tine ash
i





' CBV-68-1: ' 











■ Notable Sample ID 
;  Observations
’  60 :  N2I" 1 1' 20.7" Pumice -  Soil 10  cm




• : .■ ■ i -
i ' '
3 cm Pinkish-gray, 
tine ash
i , P5 2.6 cm
: !  1  < - • / 5 cm i  Pinkish-gray, 
j tine ash i
: ; ' P3 4 ! 2.2 cm
! ' 1 S2 
!  j
2 mm ; Olive-gray, 
tine ash
i  i  '  P2 12.5 cm ;




i  i  ■
1 0 0  cm
i
- 1 0  cm 
57-87 cm 
!  0-30 cm
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70 1 N21° O' 47.4" Pumice * Soil 10 cm 1
■ W 104° 16' 37.3" ' c3 2 cm j Pinkish-arav. i '
l j tine ash
P6 4 cm
, ">. c_ 3 cm | Pinkish-urav. ■ :
tine ash
P5 2.0 cm
d 5 cm Pinkish-stray.
tine ash
P3 4 2.(i cm
S2 2 mm Olive-stray.
tine ash









Lat. Lone * Tephra Layers






71 N 2P 10' 4.0" 
W104° 20' 13.































cross bedded Planar beds.
base, massive CBV-S-26b:
middle, and Massive i
planar bedded middle.
top composed CBV-S-26c: ;
of rounded Cross
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Locality = | Lat Long* ! Tephra Layers Tephra j Notable Sample ID
j
(Top to Base) Thickness | Observations
77 1 N21 ° l) ' 43.4"
1 W 104° 2‘)' 6.0"




! : P5 13.5 cm Rust-Gray.
! North-Flank 11 cm : Pinkish-gray. ! CBV-F-2
PFD Massive base. : 























north and east 
to ■ I cm 
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I Localitv ~ j Lat Long * j Tephra Layers j Tephra j Notable j Sample ID
i ; (Top to Base) Thickness Observations |
78 1 n.a.
i1
' Ashy Soil 
Marquesado PFD's
\ 100 cm 





units, each j  in Flow 2 
unit is
pinkish-gray 




: w ith no lag 
i breccia base.
Three tlow 
units in this ■
locality sum 




m in length 
and 0.2 m in 
height :
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Locality = i Lat LomT Tephra Layers






70 N2 T’ 06’ 40" 
W104" 35' 60"
Ashy Soil 100 cm
Marquesado PFD’s 15 m Series of 2 CBV-M-6:
tlow units. Lower tlow
each unit is breccia
pinkish-gray matrix.
in color with CBV-M-7:
a massive. j Middle tlow
poorly sorted. body.
ashy body ; CBV-M-8:
with a lag Upper tlow
breccia at it's breccia
base. Lag matrix.
breccias are ; CBV-M-9:
5-l0°o of the Upper tlow














blocks up to 8
cm diameter
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Locality ~ i Lat Long* ; Tephra Layers i Tephra j Notable j Sample ID
I (Top to Base) i Thickness j Observations
80 N 21° 5' 32" Ashy Soil 100 cm
W104" 37' 23" ; Marquesado PFD's -I m 1 tlow unit. CBV-M-10
Pinkish-gray CBV-M-11
in color. CBV-M-12.
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Locality = | Lat Lon*: *
!  ~
!




!  Notable 
| Observations
I  Sample ID !
;  81 i  n.a. i Ashy Soil 
Marquesado PFD's
100 cm 
'  -20 m ! Series of 3 
;  tlow units, 
top two units 
are light-gray , 
basal unit is 
i  pinkish-gray.
I CBV-M-13: ! 
i Lower tlow. 
CBV-M-14: |  
Middle tlow.
:  CBV-M-16:
|  Upper tlow 1
All units arc 
■ massive, and ; 
poorly sorted 
ashy bodies ;















lay er is 
laterally 
continuous, 
not a pumice 
lens
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Locality s | Lat Lone * J Tephra Layers 













I thin planar 
bedding at 

























Pumice - Soil 
S2
•35 cm 
1 h cm Olive-era\. CBV-S-14
P2 48 cm
: massive
SI 3 cm 1 Olive-gray. i  CBV-S-13
PI 152 cm
; massive












84 ! N 21” 11' 59.4" 
W104° 30' 55.4"








| PI top 
No lithic-rich. 
accretionary- 
lapilli top of 
PI
CBV-S-15 '







85 : N21° 12' 1.7" 
VV104° 30' 28"
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86 N 21° 12' 10.7" 
\V 104'1 31' 24.0"

















Locality -  Lat Long ' Tephra Layers Tephra Notable Sample ID
(Top to Basel Thickness Observations
S8 : N21° 10" 419" Pumice - Soil 
















w ith faint 
laminations in 
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02 N2I" 12' 10.0"
1 W104" 20' 5.5"




























03 N2I" 12' 4.4"
W104" 2S' 17.1"
Pumice - Soil 
S2
■60 cm 
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Locality = Lat Long * Tephra Layers Tephra 1 Notable Sample ID
; ; (Top to Base) Thickness j Observations
94 N 2 1 1 1' 59.2" 
W 104" 29' I 1.7'
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99 N 2I°7' 50.6" 
W104° 28' 9.6"


















lapilli. and is 
lithic poor
Light-gray, 










PI 700 cm j No lithic-rich.
accretionarv-I *
lapilli top to 
PI
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03 ] N2I° 12' 4.4"
W104° 28* I7.|"























Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
190
I’D at Locality 18 |I’0-I8| | lotal sample weight 242l>45 h mg|
Cirain diameter Weight tractions 1 Granulometric Analysis i
$ 1 nim weight
[mg|
I  emulative 
weight ".i
; <&..< : Ipxi 0i.. 0- M i L  | a. i |;; !
! -5 II ’ 15 i  0 0 ! 0 S  -0 2 -5 1 : -3 2  -I 6 i I 33 ; 0 56%
1 -4 5 1 22 4 ; 0 0 , 1 '
I -4 0 i In  0 1 I) 0 1 i
' . 1 > j 11 2 o 0




t  '  ^
! 4 0 
' -  * 02071 ' s '  Oh
I Minor Lithic 
Count*
’ \hundance ; 
! |\olume "'i|
1 S M I .  ) tiC 1 s m i . ; t i t  I ;
: -i o 2 0 ' 41400 5 ' 2  no 0 : 1) : 0 ; 0 ;
i ! 14
no 1 10 5hl l|h4 01 21 ; 4 i 2 '  ; i o
ii 5 I) - 111
1 il i i  51)0 210*1 4 os '| 0  I I I '  ! ■ 5 h
1 5 0 555
2 0 ■ o 250 1015 h oo 5h ~ 46 2 5 14 o
2 s 0 ISO
: 5 il ; 0 12 ' 25!  8 oo 44 0 0 o o
1 ^ , 0 088
4 0 j 0 Oh5 i
4 5 ; 0 045 502 o 00 55 :
5 o j 0 052 1525 loo 00
h 1) I o o r
' I ) 0 008
(m in ts: ____  Hulk W e igh t Percentages:
; ♦ !
Wp (ip Bp \tal 1 uhic lila>> \ A total
counts
Wp (ip Bp Xtal L ithic ( ilass N.A ;
-s||l I) 0 n a ii 0 ii i i i > 11 0 n a 0 0 0
-4 5 i 0 0 n a ii ii n n 0 0 0 n.a. o II 0 0
-1 0 1 0 0 n a ii 0 0 n i) II 0 n a 0 0 0 0
-5 s (1 II n a ii 0 ii n n II 0 n a o 0 0 0
-5 o i 1 so [ [ 10 0 21 it u 251 IS  07 I I I 0 06 0 6 52 0
-2 5 0 II
-2.0 j 0
-15 707 15 10 11 106 0 n osx 2o X2 0 56 0 45 0 0 >0 0
-1 i l l 1066 31 6 0 203 0 a 1306 0 60 041 0 OX 0 3 05 0
-0 .5 I 0
0 0 536 IS -> 51 I5X ■s 0 ~5o 1 1 " I 0 4 5 0 05 i o : 5 6 " 0 16
1 o 5 : i) 0 1
1 0 : 56* 44 0 412 i\X 10 a Io2o 2 25 0 50 0 3 32 1 40 0 14
1 5 ; n
i 2 0  i 105 10 II 202 ;oo 2* n "5o <i o5 o oi n o 2o n 50 o o2
■ 2 5 n II
5 0 10 3 11 40> 1X2 141 it "5o I) II* 0 it* 0 0 04 o 02 0 ol 0
1 > n n
4 0 n
. 4 5 ; 20 0 II "X 51 '42 f ) 500 0 0 - 0 0 0 02 0 0 ! 0 07
5 0 ; 7 0 0 “4 6X '51 n >110 l H 1 ♦ 0 0 o 02 0 01 ( M I X
ho  j 0 0 (1 0 0 0 • ■ « • • • • • 0 4 5  ;
: 7 o 0 0 0 0 II 0 o ii
62 .5" 2.S4 1.54 4.76 27.36 f 0.48 0.45 *
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PI at Localitv 1 [0-20 cm from hasc| |Total -.ample weight 2I20.-00 nm|
drain  diameter Weis-hl fractions Ciranulometric AnaKsis
inm ueiuht
[ m e [
C unuilutive ; 
VNCIiillt “ .»
<t>x. Of M d . .
o  o  
- 4  5 
- 4  0  
* '  5 
- 5  0  
. 2  5
-2  o
- I  5
5 1  5





4  o  
2  S
5101100 
5 4 5 0 0 0  
5 l o o o n
245000 
2 3 5 0 0 0  
1 4 0 0 0 0  
4 5 5 0 0  
1 5 4 5 1  4
I 5  o o  
4 0  0 5  
0 4  o o  
" X  OX 
X 4  " 5  
o o  5 2  
o x  5 5  
oo |o
-2 o - 4  4 - 4  4 I) "4 0 00%
M i n o r  L i t h i c  
C o u n t s
\hundancc 
(volume %|
S M I (it I SMI CiC I
*1 0 





2  o  
2  5 
5  o
2  o  
I 4  
1 o
o "*10 
o  500 
0  > 5 5  
o  2 5 o  
0 1X0 
o  ( 2 5
h I 00 ~
5 5 4 f t  o  
2 4 1 5  4  
2 o o 5  5  
1 X 5 4  X 
1 1 4 1  5 
* X 0  X 
1 4 4 5  1 
o
4 0  5 4  
4 0  5 0  
00 h" 
4 0
o o  X 5 
00 oo 
o o  4 5  



















o  o o 5  
0  0 4 5  
0  0 5 2  
o oi"
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PI at LocalU> I |I20-I35 cm Irum hasc) [Total ■ample weight: 12747(11) mal











-5 0 31 5 77000 . 0 04 i -i -  ! -2 4 ; -4 " 1 1 -5  ^ : i r 1 0 oo°«
-4.5 22.4 225000 , 23 00 i i 1 ! i
-4 I) lo o 100000 i 5X oo i
- ;  x 11 2 10X00(1 X'.oil
-3 0 x n 1X5000 : ox 41 ;











j M in n r l . i lh ic  :
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(volume "o| !
! SM I . i MCI ; SM I j MCI. :
-1 0 2.0 5X025 X ] 00 04 0 : n i i 0 1
•0 5 1 4 2420" 5 o’  05 : i) ll 0 : o
(I I) 1 (1 10X04 1 OX XII 0 0 <i 0
o 5 I) 710 50oo ' oo 25 0 f> i i 5 x
1 0 (1 500 2024 o 00 -to ' 0 K) i i 5 o
1 5 o 555 1 I ' o ' oo 55 0 i> 0 ii
- 1 0 250 0 1 7 4 oo o2 11 i i 0 : 0 1
2 5 0 ISO 4X47 4 I 00 00 0 ii 11 ii
3 '1 (I 125 0
,i ? ii i isx II
4.0 0 005 0
4 5 0 045 II
5 0 o 052 1
h 0 0 I I I ' 0
'  0 o mix (I
(m in ts :  B u lk  Wei|>lil I’crccntii|*cs:
* Wp (ip ! Up
i
Vial l i th ic ( iluss \.\ ! total 
counts
Wp tip Up Xlal Lithic (ilass i V \
• 5 0 15 I) 1 ii a i) . 0 0 0 : 15 o 04 0 n a 0
*4 5 >“ II i il a n 1) (l t l > ““ r  <>5 0 n a 0 0 0 0
*4 (1 04 0 n a ti n tl n '■ <>4 1401 I) u a 0 I) 0 o
-} > 104 0 n a i> ; ll I I  l l o 14 00 o 5" ii a 0 o **3
-5 0 1X1 10 n a ii Ml II n ' 2 lo 11 2X 1 25 u a 0 I ox
-2 5 405 50 j 11 a. 0 25 0 n  ! 4oo 0 11 1 10 i; a 0 I XO 0 ; 0
-2.0 2071 31 1 na 0 -*> 0 n 2 P 4 **() I) 10 na 0 0 00 0 0
-1 5 453 1 . 10 ii 1) t l : 500 3 11 o 02 o 12 0 o M
: -i o 420 0 ii , > > II n \ 4oo 2 31 0 02 0 05 0 0 ol o j o
: -o 5 420 0 •? 4 h5 (1 o ! 5oo 1 4X 0 0 02 0 02 0 50 0 ! 0
; 0 0 347 0 1 4 : 5x 1,1 (1 o j 5oo 0 5o 0 001 o 15 0 22
o 5 20X I) | 125 1 [00 5 l)  i >00 0 IX 0 m o 0 11 0 15 I I 01 ll
1 0 135 I) ! 0 : 104 250 ■> n  | 500 o 04 0 0 0 0 4 0 12 0 0 *  II
! 1 5 204 0 : 0 51 ' 220 10 n  ; 5oo 0 04 0 I) 001 o 05 o n *  ; ii
| 2 0 245 0 11 50 202 -> ’ n  i 5oo 0 01 0 II 001 0 04 ( ID -  : 0
2.5 0 1) i (1 0 i o II • . • (I 0 0 0 n (i : n 3X
i 3 0 0 0 ! o il . n 0 n  j o 0 0 0 0 0
; ' ^ » 0 ; 0 i i : 0 0 0  ; 0 II 0 0 I) 0
i 40 0 0 ; 11 ' 0 0 11 0 0 1) 0 0 0 0 0 ! 0
! 3 5 0 11 i 11 i 0 1 0 1) I) j 0 0 0 I) 0 I) 0 , 0
I 7 0 " 0 i 0 , <> ; o 0 a ! o (I 0 I) 0 '» 0 ; o
! oo 0 0 1 (1 i 0 1 0 0 o | o 0 0 0 0 0 0 i II
i 7 0 0 1) i ° 0 : o 0 a |i> 0 <> (I 0 (1
’
f 4 }- ' f 88.3ft 3.18 11.20 0.32 7.55 o.oi i o j x  1;
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I’ l at local its I [227-247 cm Irom h;Lsc| [ Total sample ueiuht 2047400 mu|





I  urnulalise 
ueiuht “ n
j  0 “ j  O n  i  O i . .  i
i : i
0* i Md- ! rr.
*5 0 I  >1 5 42500(1 15 X? ( - 0  0 ! -1 '  ! -4 0 -4 2 ' -5 2 i  1 55 ' 0 ( I 0 ° I >
-4 5 | 22.4 14X000 25 Id 11
-4 0 ! Itvll 102000 52 4X
112 250000 4 5 72 1 1 1 i 1
-5 0
;
; s o 240000 55 44
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-0 5 1 1 * 7X304 1 05 44
0 0 1 o 4 5 1 2 " 4 O' 04
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c o u n t *
W p t i p l i p X t a l l . i l h i c ( i l a s s  V \
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i 4 * 0 1) o ; ii 1) n {> ! o i i 0 0 | 0 0
4  0 « I) i ) , n II 0 . 0 ti i i 0 0 0 0  : o
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X 2 . * r 1.06 f 0.45 T  0.29 14.69 0.09 ! 0.45 '
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PI at l.oealit> IS [50-70 cm Irom hasc 1 | loial -.ample weight 155'MXO nili|
Cirain diameter Wcmht I raetimis | Granulometric Analvsis
| mm weight Cumulative | 1Itlxi ] 1 <t>‘ I M i l  i a,
1 |mg| weight % ! | I : j
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I’ l at l ocalit\ 18 [200020 cm Imm hasc| | lotal -.ample weight ln225llllme|
Cirain diameter Weight I raettons j (iranulometrie Analvsis "
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IM at 1 ncalitv IS  |550-5ftll cm Irom ba*e| 11otal sample ueieltl I45 lHlt)() mu|
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2 5 0 0 0 0 n i 1 * • 0 0 0 0 il 0 0 0 0
: °  ; 0 0 0 0 i i 0 n il 0 0 0 0 0
: 3 N ■ 0 0 0 1 I) o 0 . 0 1) 0 0 i i 0 0 I) | 0
• 4 0  ! 0 0 (1 I) 0 i i  n II ( i 0 0 0 0
1 4 5 ! 0 0 I) 1) 0 0 If 0 0 0 i> 0 1)
5 0 , 0 0 0 0 (1 0 0 II 0 0 0 0 1)
; 6 0 ; 0 0 0 0 0 o n 0 (I 0 0 0 0 0 0
!  - ( )  :
i  .










i i  j n  
IMII | 0.0') '
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I’ l at l ocality IX [211-40 cm from tup| [Total  sample ueiuht: 214700(1 me|
(irain diameter Wciuhl I-Tactions Ciranulometric Analysis
* mm ueiuht Cumulative ij).,. 1 ctNi 1 o* ! Md, j a . I-':
[me| u e iu h t "  » j ' ;
t
-5 0 41 5 705000 52 X4 -ox i -2 2 - ' 2 -4 1 ] 1 4 ' 0 00“ ,,
-4 5 2 2 4 220000 45 OX :
-4 0 10 0 175000 51.25 ! ■ i
-3 * 11 2 IX50II0 >0 X ' 1 : i !
-3 0 x.o 215000 oo xo
1X5.....1
175000
'0 5 1 2  o
'X  4X 
XO 54 
XO XI
-2 0  
•I *
4 0  
2 X
M inor I.ithic 
Counts' : ;
Abundance 
{volume “ •>] :
S M I .  : (iC 1 . SM I 1 liC 1 ;
-1 o 2 0 70(102 X 05 50 0 : 2 i i ■ S .'
-0  5 1 4 oo(i05 o 00  00 0 5 . i i 10
0 (1 1 0 57007 5 l 'X 57 o . 5 i i j ' I I
it 5 0 '111 20701 X oi) 54 i * ^ i i 1 '
1 0 0 500 X042.4 oo ~5 0 i 3 u n o  :
I 5 0 tXX 24X0 X oo xo o ! ] n ; 0 2
:  it o 250 '7 0  X 00 00 o : s it 1 X
2 5 o ixo 2 loo 100 00 (1 0 i i II
3 0 0  125 II n u i i II
3 5 0 OXX 0
4 0 0 005 0
4 5 0 045 0
5 i) 0  052 0
ft I) 0 0 1 7 II
7 0 0 OOX 0
Counts: Hulk W eight Percentages:
‘f Wp (ip 1 Up .Xtal 1.ithic ( il i t i s NA total
count*
Wp (ip Up Xtal 1 itloc (ilass ; NA,
I -5 0 I4J 1) 1 na (j i) i i 0 JJJ 32 84 0 n  a i) 0
: -4 5 70 0 n a 0 11 0 ft 5ft in 25 1) n a o
-4 0 >7 3 n.a o 1 il it ftl " 4X II 40 n a o 2o
i xo 5 n a i> " t) n 101 "  3S 0 20 n a. 0 1 04
-5 0 520 15 n a o 2ft 1) it Oo S 4ft o 22 n a I 55
' -2 5 1412 2X ' n a 0 ■ ft? 1) <> 150" " 2 " 0 [4 n a 0 1 10
5020 115 i n a ' o 177 It ft 331ft ft "3 o 3ft n a 0.47
-1 5 005 : () ft5 0 ft "50 > 0 04 0 47 0 0 45
! -1 0 047 S ! 3S : n ft(t 0 it 75o 2 S5 0 05 0 24 0 5 ' It o
-o 5 551 14 i 2ft ! 1‘) . Iftit 0 ft 750 1 SS 0 05 0 04 4 I I 0 47
1 oo 455 IS ! :o 31 ; 24ft 0 ft "50 o S3 1) 04 0 04 0 0 4 0 77
i 0 7 507 25 ! 14 ■ ll l ft  240 3 tt 750 o 35 0 04 0 02 0 14 041 I I 0 ‘  ; 0
1 10 252 14 i 4 13S i 333 0 n 750 0 11 I) 01 0 0 - 0.08 0 20 0 0 -  0
i 1 5 1 10 <> 0 1~3 ■ 45ft 11 <> "50 0 0] 0 0 0 03 (I OX 0 0 -  ' 0
2.0 > 3 (t ! 0 i 214 445 3X ft 750 0 0 - 0 0 0 01 0 02 o o- : o
1 0 I) i It i: o 0 it tl i i 0 0 0 0 0 0 10
1 5 0 4 0 1 1) il ! (I 0 it 0 0 0 (I 0 (1
i 5 5 4 0 " 0 ' 0 0 ft 0 i> 0 0 0 0
i 4 I I It 0 j II ; o * n I t ft 0 0 1) 4 0 0
4 5 0 0 ! <) 0 0 4 n 0 0 0 0 0 0
5 0 0 0 i it t o  0 . 0 « 0 0 4 0 0 0 o i I)
i 0 0 <! I) ! 0 t o  : o ; 0 0 0 ii 0 0 0 0
7 0 0 It
t
1












X.7J 0.01 f 0.10
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PI at l.ocalit) IX [hulk. 20 cm limn top| |Tntal sample weight |‘W?2ftX mg|
(irain diameter Weight I'ractions i Granulometric Analvsi*
$ mm weight
|mg|




On ! On. i 0 * j
i , 1




-5 0 5 1 5 54000 ! 2 70 ' 0 1 ; -ox  ! -4 4 : - l  -  ; -3 1 1 I o3 ( 0110" O
-4 5 22 4 175000 ; ! 1 37 | ; ! ; j
-4 0 10 0 271000 ■ 24 04 i 1 : !
* 1 1 2 ■*7*000 'X 70 : 1 : ; ) :
-5 0 s o 230000 : 50 22
-•> s 22oooo
213000








Minor Lithic , Abundance 
j (.'nunt* 1 |\olume°o| j
' SM I . : ( iC l .  S M I ( i d .  ;
-1 0 2 0 00X20 SI  34 0 . 0 0 , 0
-0 5 1 4 172X20 so 00 0 0 0 0
0 0 1 0 0 * -7 0 04 -0 0 0 0 •} •>
0 5 0 710 07420 OX 10 : 0 ■ 0 11 2 s
1 0 0 500 22550 00  20 : 0 I , 0 112
1 5 0 555 0700 00  -x 1 0 ; 0 o ' i n
2 0 o 250 2740 00 02 i 0 1 ; ' 0 11 "
2 5 0 ISO 1040 loo 00 0 0 11 11
3 n 0 125 0 0 0 0 1 n
> s 0 OSS 0
4 0 0 005 0
4 5 0 045 0
5 0 0 052 0
h 0 0 111? 0
'  0 0 oos 0
Count*: liu lk  W e igh t Percentages:
w p Cip i Bp Xtal 1 ithic (ilav* NA total
count*
Wp (ip Bp Xtal Lithic \  A
-5 1) | 1 1 ' n a 0 0 0 I I 11 2 "5 0 n a 0 0
-4 5 j 5o 11 • n a 0 ! 0 0 " o l 0 n.a. ll I 05 il
-4(1 42 1 11 a. 0 I 0 i l 04 13 14 0 15 n a. 0 0 28 i ° 0
-5 5 ! '1 >1 ! na 0 0 ll l l XO 10 00 0 04 na 0 2 43 0 0
-5 1) I * 7 — IS na 0 21 0 I I 010 10 03 0 33 n a ll 1 10 I)
-2 .5 1 1 "20 ! n a 0 00 0 I I 1X20 0 5X 0 32 n a. 0 I 12 0
-2(1 5004 lh l ; n a 0 252 0 I i 4 o r X o3 0 55 n a I 40 ' 0
-1 5 i 40.5 12 20 0 ox 1) f) o20 4 32 0 14 0 3X 0 1 55 : 0
-1 0 440 IS i 1" 0 1 lo II l l 0( 10 1 S3 0 1! 0 10 1 01 0 0
-o 5 1 505 14 11 0 13o 0 I I 000 5 ^2 0 lo 0 13 0 2.05
0 0  : 4 2 " 15 ! X 24 2*o 0 I I "50 2 r 0 00 0 05 0 10 2.30 ■ (I
0 5 i 205 15 y 110 321 0 I I -50 1 10 0 ox 0 01 0 54 I 55 ! 0
l 0 152 5 I 10- 415 II I i 750 0 15 0 01 OO- 0 30 0 00 ; 0
1 5 152 ■ II 2oo 3X0 I I "50 0 11* 0 01 ll 0 15 0 28 : 0 0 *
2.0 : 120 0 220 40* 4 t l -*o a u| 1) 0- 0 0 05 0 02 ; 0 0 *
2 5 ; 1) 0 ! 0 0 0 0 • - 0 0 0 0 0 oox ,
5 (1 (I 0 : 0 0 0 0 I I 11 0 (1 0 0 0
(i " 0 0 0 I) n 0 0 0 0 0 0 1 0
4 II 0 0 0 0 1) n 0 n 0 0 0
4 5 i 0 0 0 0 n ti 11 0 0 0 0
5 (1 11 : 0 0 0 0 n 0 <1 0 0 0
h i)  ; 11 0 0 0 0 0 a n n 0 0 0 i 0 0
"  0 : 11 0 II 0 1) n 1) ii (I 0 0
— .8" 2.59 0 .6- 1.23 P . 5 5 [ (Mil 0.08 i
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P I  .tl Locality 18 [top cm's| 11nlal sample wciuhl: 41166 ntc|






1 \tci“ h t 0«
ip.,. j ijt„, i ip,.. j «P* | Md. I a. I-:
-5 o J .11 1 0 0 1 2  i 0 4  ' - 1 8 . -2 '  ! -0 2 ’ 1 14 0 00" »
-4 5 1 22.4 0 o ! ' ; i
-4 (1 1 60 632 5 0 68 i
1 I I  -1 1114 8 1 88 i i :
-1 0 8 11 1755 3 1 ' 6
; *’ 
4 0









M inor Lithic \hundance ;
fo u n ts |volutnc,lo| '
s M i  i ( i d S M I  ( i d
-1 0 ; 2.0 10402 0 3**41 . i) ; ii 1) 0
I -0 1 : 1 4 10111 ; >o os ; (l : 0 u 1)
0 0
111 | 141203 11
; 4 *3 1 <1 ; 13 2
i  0 1 0 '1 0 i 13575 ! XOhX 4 ! X4 ll 0 : i s  x
10 ! o loo | 4342 X 04 35 : i) : 14** • II ■ 20 0
11 1 o 111 ! 17763 , **h 25 i  ° 11 1) : 11
' 2 0 ' 0 210 ! 626 3 Oh 02 ! o ■' 0 ll ! 0
1 s 1 0 180 ; 2X()5 1 no no 0 II (1 ! n
1 P o 121 : ll ; 0 II II o
! 1 1 i 0 088 ; 0
4 0 ' 0 061 i 0
4 1 ; 0 0 4 1 II
1 0 ' 0 012 ll
6 0 . 0 01 " (I
” ll 0 008 ' i )
fo u n t s Hulk W eight Percentages:
<t> ! U p  i (ip n P Xtal 1 .ithic ' ( ilass V \ total
counts
Wp (ip » P Xtal Lithic Glass W
-5 o j "  1 0 0 i i 0
t l i i 0 0 0 0 0
-4 5 ! 0 : 0 0 i» 1 i i i l it 1) 0 0 0 il 0
-4 0| 1 ! 0 0 o 1 n t l 1 o ox II 0 0 o it
-» s 7 : 0 0 0 i i t l 7 I 20 I) 0 0 0
-1 0 I 3 I II 1 n t l , 7 0 "0 0 0 26 o X3
-2 1 ! 16 ; 7 0 4 , 0 t l 7 ’ 1 23 0 10 0 65 0 1 04 0 0
-2 0 i o? 0 1) r M t l 126 4 41 I) 10 o 5o 0 I oi 0 0
-1 1! 545 | 23 7 ** II 12" ; 11 I I **7 7 o 2o o 53 0 "6 0 ' X6
-i o | MO j ** 7 -* 0 220 ; II t l X74 0 (Ml o 24 0 3X 0 4 64 1)
-0 1 : 4X3 13 10 7 230 t l "5o 10 XI) o 30 0 44 0 07 X X4 (1 00
II 0 30X | 7 10 7 102 to I I "5o 4 5X o 2o o r 0 12 0 X2 0 22
o 1 | 23*1 I t X ’ 7 14" 12 t l "50 3 "X o 32 0 10 II 65 0 4X 0 23
1 0 i 104 , 1 - ; 40[ 15 t l "5o o so o 03 0 111 0 47 ; 7 - 0 00
i l l ; 176 : 1) 12S 410 IX t l ; "50 o 23 0 04 0 0 36 ! 23 i) 05
2 d  l 207 11 0 m 343 10 t l "5o o ox 0  ( I - 0 0  10 o 38 o 02
2.1 1 0 0 0 i i ii f l 0 (i 0 1) 0 '» 3 OX
1 0 i 0 0 0 0 0 11 0 0 0 0 0
1 1 : 0 0 (1 n n " t 0 0 0 0 0 0 !
! 4 0  j 0 ! (1 0 0 , it t l 0 0 0 0 0 o
! 4.1 1 0 0 0 I) 1 n t l ; o 0 0 0 0 0 1!
! 7 0 i 0 ; o 1) II n 0 o 0 0 0 0
j 6 0 i 0 1 0 0 0 il ; t i 0 (I i i 0 I) 11







‘ 45.31* 0.70 1.(18 '
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I’ l at Localitv 2‘) (0-20 cm from hasc| (Total sample weight' (i.iXX'KI mg|
Hrain diameter Weight fractions ( iramilometrie Analvsis
4 mm 1 weight Cumulative ; j (jKj i Of. ; '!>■ M J : | n.  j l : :
! I ' " s l weight “ o i i ;
-5 0 3I 5 j 0 0 i -1 5 1 -2  5 ! -5 5 1 -5 0 1 - 2  0  i 0 71 ; 0 0(l°o
-15 22 4 i soon 1 25 1 : i 1
-111 Hi 0 ! 1‘>11(10 4 2.5 1 1 :
• 1 ** 11 2 1 54420 0 01 ' ; i i
*5 0 8.0 j 151)000 5 5 00 !
.■> > 1 14X1100 5o 20
*2 0 4 II ! 141470 ~X 40 Minor l ithic ; Abundance ]
-I s 2 X 01 4X
i Counts (volume '’ n|
; S M I .  ( i t  I , S M I  ! ( i d  1
-I 0 2.0 .5021 1 1 oo 20 ! n.a u a it a ; it a
-o 5 I 4 120.5 5 X oxoo 1
(I 0 l II : 0 4 10 2 00 00 1
o 5 II ' I I I 5011 5 00 00
I o II 500 ' 400 1 00 7.5
I 5 0 355 .54.5 0 00  ?x
2 0 o 250 , .5154 00 X.5 i
2 5 0 ISO . 1000 loo 01)
5 0 o I25 II •
5 5 ooxx o ,
4 0 0 0(1.5 , 0 i
4 5 0 045 ’ 0 ,
5 0 0 0.52 , 1)
f> 0 II 111? 0 j
'  0 i) mix : 0
Counts: K illk  \ \  eight Percentages:
1 *  i1 U p (<p Up Xtal I ithic I ;lass NA total
counts
U p (ip Up Xtal 1.ithic (i(a.ss ; NA
■ -5 0 1 0 0 n a II ii 0 I I i> 0 0 n a 0 0
-4 5 •> (1 n a 11 i i II 1) ■> 1 25 0 n a 0 0
-4 0 1 *• 0 n a 0 0 0 0 - 2 o t I) n a 0 0
-5 5 ! 10 II n a II i i 1) o 10 5 50 0 n.a. 0 0
-.5 0] 45 0 n a II n 0 n 45 23 4X 0 n.a. 0 0 0 i l
-2 5 154 11 n a <1 0 n 150 1 8 ' “ 2 04 n a 0 2.55
-2 d  j 2N" 26 n a 1) (1 () 5 56 I 6 **0 2 14 n a 0 5 50
- 1 5 ' 4S0 4 0 1) 16 0 n 5oo 12 20 0 14 0 0 7 5
1 -1 0| 501 5 1 105 I) n 500 2 08 0 06 0 0 01 I 68 o i i  !
; -0 5 240 6 o 16 220 0 0 500 0 60 0 02 0 0 o? 1 [0
o o 158 0 151 226 0 it 500 0  1 0 0  0| 0 o 20 0 52
' i i 5  ; 44 5 I 225 (1 a 500 (1 00 o o* 0  0 - 0 25 0 24
. 1 0 K)5 0 0 SS hio I I a 500 0 01 0 0 0 01 0 05 0 0
1< 104 I I 0 -i) 512 5 0 5no 0 0[ 0 0 001 0 04 0 .0 -  0 ,
i 2.0 ! 101 0 0 - '16 III n 5oo 0 l i ­ 0 0 0 0| 0 04 0 0 -  0 ,
| 2 5 ; 0 0 0 i) i) 1) • • lt 0 1) 0 o o p
’ 5 0 0 11 0 i i i i I I 0 n I I 0 0 0
'  ^ > 0 0 0 0 n (1 t) n (1 0 0 0 0
4 o ; 0 0 0 1) ii {> it 0 0 0 0 0 0
, 4 5 0 0 0 II 0 0 a 0 I) 0 0 0 0
5 0 ; o 0 0 (1 0 1) n 0 0 0 0 0
6 0 0 0 0 0 1) 0 n <1 0 0 0 0
' 1 ) 1 0 0 0 0 II (1 t i I I 0 0 0 0
84."4 4.41 0.0+ 0.63 10.05 0.0+ f 0 .1 ' :
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IM al Locality [I20-14U cm truni h;L%c| I Total sample weitilu 402550 mu|







| On- 0* 1 M d  a r ; I ' :
! -5 o ! 51 5 ' 1) 0 - o i  ; - M  -5 “* -4 4 -2 o  I 20 : oo o%
! -4 5 i 22 4 i luooo 2 4X
i -4 (I 1 1 0 0 i 40000 o 04
! - } * 5 n : : 444X0 ■*0 "4
: o i m i 70000 5X 15
.•> > ; 5 n 










Minor 1 ithic \hundancc 
C ounb (volume "n|
; S M I .  | (iC'l. SM I  ( i d
; -1 o :  ii 4l»745 o X4 00 n a ii a n a n a
•n 5 1 4 41X4“ o 02 5o
0 0 1 II i 402l > o oo 02
: o 5 II ' I I I 0255 o ox 42
I it ll 4UII 2010  o oo o5
1 i 5 11454 , 125o 4 oo 5o
: 2 1) i i :5(l * "2  5 oo >o
2 5 . il 1 SO 2010 loo 00
5 0 n 12.4 0
l  > ( M I N X [ o
i 4 0 '1 Il(i5 0
4 5 ll 1145 0
* 0 il 11.52 0
0 0 ii u r 0
- n m inx o
( mint-.: Hulk  W c igh l Percentages:
$ U p (ip Up \i.ii l .itluc t llas.s V V  total 
count>
U p (ip l i p Xtal 1 ithic (ilass \ A
O i l ! 0 o n a 11 0 0 n  < o () 0 n a 0 i i
-4 5 i  . 0 11 ,1 11 0 o o 2 2 IX 0 n a 0 ii II 0
-4 o: 11 0 ii a 0 o 0 n  1 1 ~ 45 0 n a 0 0 0 0
5! 25 0 11,1 11 0 0 n  25 lo Xfi 0 u a 0 0 (1 II
-5 o ! 205 0 11,1 11 0 n n  20 5 I * 50 0 n a 0 II 0 1)
-2 5 ! o5l X n a II 1 0 n  tioo 15 5X o 22 n a 0 0 (P 0 0
-2.0 i 1151 5 ; n a. 0 0 0 n  1 |o2 12 45 0 OX n a 0 lo o o
-i 5 i 4X0 o ; 4 0 lo 0 l l  i 500 0 00 0 0 15 II 0 5X
-! Oi 4X2 1 1 0 r 0 0  ' 500 0 15 0 o5 0 1) 0 00
-0 5 ! 400 2 o 1 M 0 t) \ 5oo "  o* o 05 0 o 02 11X1 II ’ 0
o o : 4 (2 4 o ; • 4 " 0 0  . *00 2 *N o 05 0 o 5 " 0 4.X
o 5 P 5 5 o 211 112 I 0  *00 0 OX o 02 0 o X4 0 40 II 0 *  II
1 o >2 2 ; o 245 2oo 1 0  : *00 0 110 0 0 - 0 0 4o o 50 0 0 *  II
i 5 - ; 2 o lox 250 IX 0  ; *110 o o 2 0  0 - II 0  11 0  lo o o l  o
2  0 IDS 0  0 X" 2X 0  * 0 0 0  111 0 II 0  o5 (1 0 0 0 0 1  1 0
2  5 0 0  ; 0 0 0 0 I i  (I 0 0 0 0 0 0  0 50 :
: 5 0 I) o ; o 0 o • o i)  ' o i i 0 0 0 I)
} S 0 0  | 0 0 0 0 t i  ' 0 0 0 n 0 II
4 0  ! 0 0  ; 0 0 0 0 n  o 0 0 0 0 0
4 5 : 0 o : o 0 0 0 a i> 0 0 0 o 0 0  0
* 0  1 0 0  0 i i 0 0 n  i i 0 0 i) o 0 0  0
o o  i 0 0  ! 0 0 0 <1 a o 0 0 0 0 0 , 0











* 0.03 * 0.50 ;
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P I  at l.ncalits 2lJ |240-25‘> cm from base (-15 cm front lop)| |Tulal sample ueiuht 4 f t l l )ft() mg)
drain diameter j Weight fractions | (iranulometric Anal> sis
mm i weight : Cuntulaut c 1 $•!* 1 ik i  i Oi. ■D. 1 Md- i rr ! !■:
|ms?l : weight "n
-5 0 31 5 ! o o | o 1 ! -o '  1 -5 2 i • 3 0 ! -| 0 1 24 ! II 0 0 %
-4 5 22 4 S 10000 2 1ft ! ! ! ■ 1 !
-4 0 Ift II 12000 . 4 1ft 1 1 i 1 i
-> > 11 2 1 214.35 , 0 111 i : : ! •
• < ti X (1 i 40000 ' IX Oft I
-S S 72000 I 3 ft>
-2(1 4 II hX53ll IX 4X Minor l ithic \hundanee
-1 5 2 X : h55X» X n2 ft4 I  ounls (volume"(-[ .
i S M I .  : ( i d  : SM I  | ( i d .
-1 (I 2 H , h()(l5l 1 "5 ft 5 n a | n a n a n a
- i i  5 1 4 55ft2(i X X’  ft 7
i i  i ) 1 II 2X440 s o3 S3
il 5 1) T i l l IX” 5 5 O' 00
1 0 II 5111) 1 4ft72 5 OX 0| .
1 5 i) 555 . 212o ■ oo .37
2 il il 25n '1 2  0 oo 52
2 < II 1X0 2200 loo oil
.11) il 125
I 5 I) OXX o
4 II il Oft3 1 0
4 5 0 045 i i
5 H o 032 0
0 0 0 017 I)
'  II i l mix I)
Counts: Hulk W eight Percentages:
1 *  1
Wp (ip Up Xtal I ithic dlaNs \ A total
counts
Wp dp Hp Xtal I.ithic dlavi V \
; -> o i 0 0 n a II 0 () if 0 0 0 n a 0 0
1 -4 5 i 2 II ti si (1 0 (1 if 2 :  10 0 n a 0 0
-4 0! 4 II n a (I o n a 4 2 oo 0 n *1 0 0
12 II na. 0 0 II If i : 4 04 0 n a 0 0
-5 0 1 1 If. I) n a II 0 () if 1 lo S oo 0 n .i 0 0
-2.5 i h5 1 s n.a. II * i 0 , If 005 14 oo o 1 > n a 0 o 5 i 0 ; (1 !
-2 0 j 1521 20 n.a II 52 o ri i57o 15 04 0 58 n.a. 0 o s i 0 ! fl ’
: - i 5 ! 455 10 15 II 20 ! o ’ n >00 i :  10 0 57 o 0 0 00
- I d ! 4XX 4 - <1 41 o . n >00 lo >5 0 14 o 24 0 2.07 0 I
-o 5 420 5 10 1 55 ii i) 500 o >5 0 11 o 25 0 04 2 I !
0 0  | 411 4 5 10 ft4 o i) >00 4 50 0 0> o oo o 28 i r 0 1) ■
’ 0 5 i 20X5 ft 4 J 1 2 '  0 1 0 >00 :  io 0 07 o 02 0 05 I 17 0 ' 0
: 1 0 154 10 0 I I S 215 5 : 'I >00 o 25 o 02 n 0 25 0 48 n o -  0 '
: 1 5 i Oft 0 11“ 2T 2 o | i) >00 0 l!> 0 01 0 0 12 0 28 0 0 )  I 0
2.0 ! 51 | 0 114 521 15 | a >00 0 111 0 0- 0 0 04 0 11 0 01 1 0 1
2 5 il (I 0 1 n 0 II j * . 0 0 0 0 0 0 0 48 1
' .3 0 i l) 0 0 0 0 ; o  ! a 0 0 0 0 0 0 o ; o :
: 3 5  1 0 0 (1 ’ ii 0 0 1) 0 0 0 0 0 0 1) 0 <
; 4 0  | i) 0 0 0 II 0 I I I 0 (1 1) 0 0 0 II ■ 1) .
4 5 * 0 0 0 II 0 II ! l) 0 0 0 <> 0 0
5 0 ; II 0 0 (1■ 0  1 o ; I I 0 0 0 0 0 0 0 | 1)
; ft 0 II 0 0 0 0 ’ 0 j I I 0 0 0 0 0 0 (i 0 '
7 0 0 0 0 . 1) 1) . 0  1 I I 0 0 0 0 0 <> 0 o !
: t 1 i
; i 85.')$ I J O 1.22 I J O ‘>.67 0.02 0.48 ’
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IM at l.ncalilv 41 [0-10 cm Irom ha\e| |Total 'ample weight .''4XXSO mg|
Cirain diameter Weight I ractiiins j  (iranuioniciric Analysis
* mm ucinht !  C'umulatnc 1  | « t u ,  i  4 o , .  i  'h \ Mi l*  | n ,
|mg| ! v \  ciiiht ' *  <* !  i  i  !
-5 0 3 1 5 0 I 0 -0 1 j -0 X - t  4 i  -4 1 i  -2 7 !  1 20 0 00%
-4.5 22.4 0 ;  11 j  j  ;  |  1
-4.0 16 0 21000 : 0 20 :  !  i  i  !  i  j
-3.5 11 2 30000 . 1 * 0 * i : i  I  ■ !
-3 0 X O 42030 ' I*’ ^
-2 > xoooo : *1 *2 1
-2 o 4 0 50000 Oo 54 i Minor I.ithic i Ahundance: !
-1 5 2 S 2720X • . **4 M ; (  mints 1  ; |\olumc‘’ n| :
S M I .  :  1,1.1 1 S M I  !  (it. 1
-1 0 2.0 27040 I N2.37 !  ii a ii a n ; i  I  n a ;
- o  5 1 4 20072 5 00 07 :  :  1 !  :
0 0 1 0 1X072 5 u* 40 :  ■ ■ .  :  t
o 5 0 "’ 10 XI IX - 0 7  S O
1  0 0 500 2607 0 OS 5X !  '  '  '  !  ,
1  5 0 355 115X 5 O S  0 2 ■ |  .  '  1  !
1  3  0 0 250 I25X o o o  50
2  5 0  1 X 0 23X5 1 0 0  0 0
5 0 0  125 0 ■ !
s > 0  O X X 0
4 0 o 003 0
4 5 0 045 I)
5 0 o 032 1 )
0 0 0 0 1 7 0
■ 0 0 IIOX 1)
C'minis:   I tu lk  W e igh t  Percentages:
* Wp (ip up Xtal I.ithic ( ilavi v \ total
counts
Wp (ip Up Xtal 1 ithic (ilass | NA
-5 0 0 0 n.a f 0 0 0 n 0 0 0 n a 0
., o ! n
-4 5 0 0 o a 0 0 0 0 0 0 0 it a 0 II
; -4 0 - t) n a 0 0 0 n - 0 21 0 n.a. 0 II 0 , 0
! -3 5 r 1 ti a II 0 0 <) IX S o l 0 24 n a. 0 II 0 0
! -3 o 124 n a 0 0 0 n 120 12 40 0 21 n.a 0 (1
-2 5 710 "> n a 0 I 0 n -■>-» 23 41 0  00 n.a. 0 ll 11 0 II
i -2.0 I04X 11 n a 0 1 0 0 1000 1 4 " 0 22 ti a 0 il 1)3
-1 403 0
■> 0 ■s 0 n *00 "  X* 0 o 05 0 I) 14
1 -1 0 4X3 '» 3 0 14 0 f i *00 "  4* 0 0 07 0 I) 40 0 i l l  1
! -o 5 40X 0 > 0 0 0 . *00 o 05 0 0 ox 0 II 09 1) 1 II
0 0 44X 1 4 14 33 0 n ; *oo 4 51 0 01 0 0 * 0 22 ii 55
i o 5 204 0 0 121 X* 0 n : *oo 1 35 0 '» 0 00 1144
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I’ l at Localil\ 41 (top 10 cm| [ l'olal sample weight 27451)!) mg|
(irain diameter Weight I raetiims ( Granulometric AnaKsis I
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I'l at Locality 5:> [0-1 5 cm Irom hase| [Total sample weight I '022lo mu|
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IM al I . i 'caliu 50 |lnp 15 cm| | I'mal sample ueiuht 1 la la h l i  me|
Grain diameter j Weight Friction* Granulometric \nalvn-.
<t> i mm weight Cumulative ‘to- : o»t ‘Hi. 0- i Md. i rr. : l; :1 1 |mu| weight “ n i i i
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- s  0 s s n n .» 11 <) I) n s s 2 4  51 0 u  a o 0
_ l  5 2 ! <i n .i 11 i i 11 to 21 ~ 5 4 0 n a 0 0 0 0
4  11 0 n  a o 11 ti 4 0 11 > ! 0 n  a 1 4 0 0 0
' .  % "> 6 0 (> ti a i i s 11 0 " I l o  > o 0 ii a 0 1 4 5
; - 5  o ! 5<) I 0 ti a n 15 I) n 5 1 4 o  5 5 0 n  a 0 I 2 X
♦2 5 ! X 5 6 2 ** n a i i 5X 1) n 021 X 16 0  5 4 n  a 0 I 22 0 0
-2 l )  ! r i x 61 n a i i 1 5 2 1) t) 1011 0  5 6 n a 0 I 5 " 0 0
■> 16 i i (I 0 500 2 “0 1) 02 0 10 0 1 16 0 0
-1 u : 5 6 6 > 15 i i 1 16 1) 0 5 0 0 1 X " 0  0 4 0 |0 0 1 2 "
. • ■1 — 5 4 1 6 I !
*t 1 4 0 11 n 5 o o I to | 0 0 5 o  u 5 o  02 1 15
(1 o i 5 5 5 I X 15 1 12 <1 0 >00 o 02 0  0 5 0 01 o  0 5 0  4 X
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l‘ l ul l.ocalit\ hX |uip HI cm. C UV-o,X-2| [Total sample weight I.>345 7 mg|
Grain diameter Weight I raetmiis j Granulometric Analysis
—  n
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PI at l.ocalils 60 [0-30 cm Irom hasej (Total sample weight 1206300 me|
(irain diameter Weight I ractions | (iranulometric Analvsis
4> mm weight Cumulative
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I’ l at Locality M [57-X7 ail from ba.se | | Total sample weight I22251X mg|
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P I  ;it locnli ts  M  1115-145 cm Irom ha.se Hop Id eml| [Total sample \t eight 225(1500 ma|
Cirain diameter i Weight Fractions j (iranulometric Analvsis
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SI at Locality 45 [CBV-S-34], {Total sample weight: 25656 7 mg|
(irain diameter Weight {-'motions: | Granulometric Analvsis i
<t> | mm weight j Cumulative i  *•,< <t>s» j  Oi.. | O' Md, (T. i-t j
i |mg| : weight % i i :
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, (  mints ; isolume ".i|
, S M I . <i( 1 ; SM I ! I. |
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1 0 *7 21 1) 60 500 13 a "50 o 40 0 20 0 0 78 6 44 0 14 o
1 5 64 12 1) S3 511 XO ft "5o o 15 0 00 0 j 0 42 2 67 0 36 ti
2 0 112 10 I) 124 382 122 it "5o 021 1102 0 1 0 60 2.13 1) 6 1 o
2 5 62 0 215 250 215 I) "50 o 14 0 o o l j 114 1 35 1 06 0
3 0 40 '» 0 1S2 1X6 342 "50 o 12 0 1) [ i 02 1 05 1 76 o ;
3 5 XO 0 0 106 so 41X i) "02 0 34 0 0 i 051 0 4 3 1 57 0 1
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4 5 45 (1 II 5 45 452 o 503 0 0 0 o i s 0 16 1 22 0 I
5 0 • ■ • * • • 2 -AS "5 24X75 • • • ' • • - 2 52
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S I  at Locality 44 [CBV-S-h|. | Total sample weight: 227140 X mu)__________
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j I t )  1 05 : 5 i 0 2SS 115 ! n 500 0 85 0 07 0 0 50 4 21 1 X4
! 1 5 i h i  i 2 : 0 , 4 2 2o5 152 1 0 500 0 40 0 04 0 0 50 1 74 1 hV 0
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SI ;il l ocalitv 50 [CHV-S-I 11. [Total sample weight: 150702 S mg|
(irain diameter Weight I ractions j (iranulometric Analvvis
*
mm weight
l in r l
Cumulative 
weight %
if)*! ! it!].. [ 0* | Md.. j rr,
i !
l ;:
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IS I  at Locality 51 |t'BV-N-l>|. |Total sample ueiuht. 205172.X mu|
I (irain diameter | Weight I raciinns j (iranulometric Analysis j
* ; mm 1 weight Cunuilaltie I j 4K 1 I 0 :- ' 'P« 1 MJ.- ! <T. ' i
; I |mg| weight "<■ j j : i i I i :
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1 .** s < t i d()‘l-l Ii 4 5S
: 0 4 0 1 '5 4 4  2 S 2d M inor l .ithie Abundance
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S I  al l.ocalilv 71 [CBV-S-25|. |Tntal Sample weight: 265171 5 me|
drain diameter Weight 1 raetinns 1 (iranulometric Analvsis " “ i
♦ mm weight
|me|
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Wp (ip Up Xtal 1 ithic ( class NA total
counts
Wp (ip Bp i Xtal l.ithie ( ilass N A  !
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SI at Locality 77 [C B V -S-20 | [Total sam ple weight; 182(147 3 m g |
(irain diameter Weight l-'ractions. Ciranulomctric Anal)sis
4> mm weight Cumulative <t>x* j d>i. j Md * i <T« L :
(mg| weight ° n ! I i I
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: 1 J [ 55 21 ■ 0 30 52S Si) 1 I I ■ 5on 0 1 " o 20 0 . 0  27 1 3 I o 36 11
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1*2 at Locality IX [11 l - l  IX cm from hase (top level)] (Total sam ple w eight 'M 6‘)32 m g|
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1*2 al Locality 41 [l.ithic-rich hasc| (Total sample weight: 53(iX7(> mg|
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P2 at Locality 70 [l. ith ic-ndi base) (Total sample ueiaht 277000 ma|
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P2 at Locality 70 |io p  leve l| [Total sam ple weight: 2045(10 tng |
(irain diameter | Weight fractions: 1 (iranulomctric Anahsi
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N2 at Locality 77 (C'HV-S-2X| |To tal  sample  weight: 16684(1 mg)
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|ma| weight"  ■! i
-5 0 51 5 0 o 5 4  : 4 4 ; I - : II -  : '  4 ! 6 5o 00%
-4 5 22 4 <> ii . j
-4 0 lo (i a n
. s > 11 2 0 ii
-5 0 X II o ii
.*» N o ii
-2 o 4 0 OX 1 0 04 Minor I.ithic \hundnncc
-1 5 2 X o5X 1 0 42 ( ount.s
|\olumc "■■I
S M I . i G( 1 : SM I ( iC I.
-1 0 2.0 > r  2 i i ' 5 ii 0 0 40 2
-0 5 1 4 0X0 X 1 52 0 ; 14 0 . 15 5
(((1 1 0 17.5(1 ~ 2 5(i il ! 4(1 n 10 X
(I 5 0 710 5010 X 4 "1 o 1 o2 ii 2 1 5  :
1 ll 0 500 (iX5ll 5 X XI i> X" ii 24 o
1 5 0 355 0 5 i( i  ii 14 40 ii "1 n 25 5
2 it il 250 1 l " 5 l  2 21 44 0 , 54 <i 2 '  4
2 5 0 1 XO 1111X s 2X 111 II 44 il 20 o
5 (1 ll 125 15 5 “ 5 1 ■<(i 24 II 41 ii 2o 5
5 5 il OXX 1I2XX 0 45 01
4 (1 0 0(i5 1222(i 5 ' 0  55
4 5 0 045 5 2 6 4 '  '> 00 Oil
5 1) o 052 2(iO [ > X5 50
6 (1 o o r 1 d-40 o> 55
! ' ( i o mix 7455 100 00
(  mints: Hulk  W e igh t Percentages:
*  1
1 1
Wp I (ip Up Xtal 1 ithic ( ilass NA total
counts
U p t ip Up Xtal 1. ithic ( ilass NA
i -5 0| 0 : 0 o 0 i i i i l l 0 0 0 (I 0 0 0 0
-4 5; (1 ; 4 i i n i i n n n 11 tl 0 1) n 0 0
-4 II i (1 : 0 i i il tl ti n ti 0 0 0 0 n 0 0
i . :  s 0 (1 0 i i 0 i i n n II 0 0 (I n 0 0
i -5 i l  i 1) - II 0 i i i i o it o 11 0 0 1) i i 0 0
-2 5 I II ; 0 ■ 1 i i 11 11 it n 11 0 0 11 i i 0 0
! -2 0 I ! (1 i i n i i i i n I i i  114 0 0 1) n 0 0
i 5 15 4 ii i i 5 ti 0 ss 0 lo 0 15 0 0 0 14 0 I)- mi 26 < ti n 13 i i 0 44 o 15 0 04 0 (I il 14 0 0
-'I 5 | 148 i 0 i i i> 124 0 i) 278 o 24 0 01 0 0 ll 44 0 0
m i  ! 241 j 5 i i .5 202 1 n 500 o 48 0 01 0 0 0| 0 54 o.oi 0
j 0 5 I 187 i ;j -■ i i 12 241 - i) 500 o 82 o 02 0 I) 00 1 42 o 03 0
1 0  j i i 44 502 IS o >110 0 4 8 0 0 <1 57 4 12 0.14 0 :
M m 48 i I) 0 112 502 58 500 o 2o (1 0 1 51 5 (l2 0 54 0
; 2 0  I 51 1 0 II 1 64 215 85 n 500 0 15 0 0 2 53 3 22 1 15 0
j 2.5 ! 24 : 0 I) IM 214 101 n 500 0 14 0 0 2 24 2 OX 1.50 0 '
5 0 i 24 <> I) I5(i 202 118 n 500 0 25 0 0 2.65 3 45 1.83 0 ;
i 5 5 | 0 I o 0 141 ISO P 3 0 500 0 0 0 2 00 s 1 48 0 ;
i 4 (I j 0 ! 0 0 125 152 225 o 500 0 (1 0 2.02 2.45 2.80 0
! ■ » - « ! (1 : 0 1) 48 114 2X3 n 500 0 1) 0 4 55 5 24 4 45 0
! 5 (1 • ; * • • • • 1 6 2 6 1020 • • • e - • 1 5 54
| 6 0 ; • ; • • • ■ ■ i s : : 1522 • • • • • • 10 03 !
; ’ u ! • j * * ■ • • 1 0 6 5 1005 • • • • ■ 4 47 ;
; , i
3.1 r 0.21 0 17.60 24.41 14.60 30.04 *
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
254
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S2 al I ocalilv 04  [ l 'U V -S-3n | |Tm al  sample weight: 100404 mg)
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S2 at l ocality 40 [CHV-44-3 |  | I olal sample weight: .'57-16 6 m g |
(irain diameter Weight I ractions: (iranulometrie Analvsis
<t> mm weight ■ Cumulative its.' <t>"» 1 lt>l. ! Md, | a.
|ma| i weight0.' I
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4 0 I) 063 230 ' 4 ’ 6 26 :
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(H u n ts : Hulk Weight Percentages:
♦ Wp Cip Hp Xtal I ithic C iluvt N A total
counb
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II 0 205 24 4 214 10 a 464 0 X6 0 2o II 1)4 0 03 1 4X 0 06 ' 0 '
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1.0 1X5 11 •7 24 234 50 a 500 I 31 0 13 0 03 0.22 2 2 6 0 33 i *» :
1 5 127 X 2 20 2oo 125 0 500 0 6X 001 0 0 33 2 46 I 26 ; 0 '
2 0 02 1 0 41 185 1X0 1 a 400 0 0) 0 0 0 53 2 41 2.00 0 '
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H U H 0.7') 0.54 4.10 47.21 23.91 r  13.44
i1 .
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I’.' at loca l i tv  IX (13-3X-1 ll ithic-rich hiuso)| | Total sample weight.  15X7X50 m g |
1 (irain diameter | Weight Tractions ] (iranulometric Analv sis
1 $ mm 1 weight Cumulative i 't>Sl ■to. 1 0- j M i l  i a. T :1
i j l '"4| weight"» i
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50 24 11 a u 2o II ti 103 '  4X 1 44 n a 0 4 56
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; -2-»i |0 X" 206 n a 11 f T I 1) ti 2 X66 b S3 1 00 n a 0 * si)
: -i -'! 253 20 ■7 n 21o 1) ti 500 3 21 0 35 0 O' 0 4 51 0 1 (1 :
: -1 nl 21 •y 11 ion 1) 11 500 2 55 0 2S 0 01 0 v "*S 0 0
; -n 5 ! 102 r 1 1 ■7 2~S (1 ti 500 I 2 ' 0 12 0 25 0 02 5 1 ' 0 : 0
: o o  • 101 10 12 b 374 0 ti 500 0 3o 0 06 0 16 0 03 1 X5 0 : 0
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j 7 0  I 1) 0 ti n 0 1) t i ! <> (1 0 0 0 0 0 ; O '
j [ ‘ 48.48 12.27 n.56 0.1 X 38.04 0.03 ! 0.44 ’
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I'.' :il Locality IX |I3-3X-2 (Coarse pumice lev c l ) | |Total sample weight: 9440000  mg|
Grain diameter Weight tractions: (iranulometric Analv sis
* mm weight 
1 mg |
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S3 at l.ucalil ) 1 |C B V -I -2 |  |Tm al  sample  weight 455X35 m g |




: | mg |
Cumulative 
weight Mo
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- 5  o  ! ( ‘ o 0 ti 0 i i 0 0 0 0 0 0 0 0 ti
_4 5 0 0 1) i i i i ti n i i 11 0 0 0 0 0 i>
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0 0 0 I) 0 15 2o  1 2 2 4 o >00 11 0 0 0 12 s s > I " 4 11
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s > 0 0 02 2 2 4 1 X4 n 5 0 0 0 0 0 o  0 4 2 .0(1 1 " 4
5 0 0 0 XX 21o l o o n >00 0 0 0 0 8 5 2  0 3 I 6 X 0
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4  0 0 0 20 201 2 " o o 5 0 0 0 0 0 0 30 s 2.01 0
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S3 at l.ocalitv 6 |CU V-6-2 | | Im a l  sample  weight 6317X2 mg|
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i
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;  ; 1 3 ( 1 /) 5 0 0 i t  I X 0  0 4 « ,  0 3  4 X 1  - 0
- o  5 2 7 ■ > 1 ) 0 ; 1 4 4 n 5 0 0 0  2 5 0 . 0 2 1  I ) 4  4 5 1  5 4
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; 1 5 6 <) 5 0 0 0  1 2 0  0 1 0 1  1 ) 0 5 3  X 6 1  7 ( 1
o  5 1 7 0 0 1 2 2 o X 2 0 3 n 5 0 0 0  t o 0 0 1 1 1 2 2 . X 7 2  0 1 )
1  o 1 5 1 0 2 X 2 0 2 2 5 4 t) 5 0 0 0  1 0 0  0 1 ' ) 1 ) 2 5 I . X 4 2 . 1 0 0
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4 5 0 i  0 0 ;  o i :  1  O X 2 4 1 i) 5 0 0 0 . 0 0 2 . 7 0 4 4 S !  5 . 6 4 0
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2.52 f 0.25 0.46 ! 6.14
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42.52 ; 25.13 22.48
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S3 ai l.ucalils 12 |C RV -12-7h |  | I'otal -.ample weight  73 IS1) 4 m g|
j (iram diameter 1 Weight I raetuuis: 1 (iramilumetrie A na hns i
; * ! mm j weight C umulatne ! I]).,. ■ ij, , : it> 1.. 1 0- 1 Md. i n. l; : ]
i [mg| weight 1
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S3 al l.ocalitv ‘W [C'HV-W-I | | lo ta l 'a m p le  ucillIh  IXKiTK i m g |
( Irain diameter | Weight I-ruction* ; Granulometric Analv ms
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- 5 5  i " i ; 1 1 n 0 It H X2 - 14 0 o 20 I 0 0 54 0 (1
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o 5 ! "X : o 0 24 5X0 0 t l 5oo o 5X | 0 OX ; o 1? I :  x ; ! 0 Oft
1 II i "4 : 4 0 45 5ft" 12 t l : 500 o 40 i o 02 ! 0 51 i  ^ 7"> o ox
1 5 ft2 : X 1) ft2 55“ 11 t l 1 500 o IX 0 07 1 0 ! 0 5X 2.24 ' 0 (Ift
2 o : 50 10 It ‘M 540 0 11 500 0 00 0 02 o 52 ; 1 05 ‘ 0 0 5 0
S s 4X 1! It 101 M l 2't I I ' 5(H) 0 1 ; 0 05 1 1) . 0 55 I 1 "0 : o 15
5 0 j 42 1 12 1) I io 2ft2 ft 5 I I 50o o 15 : o 04 0 ftn : 1 48 0 54
■ 3 5 ■ 0 ' 0 0 120 245 12S f) 1 500 0 ■ 0 : 0.57 i 1 ox ! 0 45 0
4 (i ; 0 : 0 0 115 22X 150 1 tl 500 0 0 0 ; 0 40 1 (too : 0 55
4 5 i 0 : o 0 "X 1 "5 240 I I I 51 Hi It : 0 ‘ 0 0 " : 2 15 . 2 45
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: ft n : • ; ■ ■ * « • 4 S 5 9 4X50 ■ ' * ; * • « ' 5 o5
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P I- deposit al lo ca l i tv  20 |C H V-2d-2 |  | lo ta l -.ample weight 20245X 4 m g |
1 (irain diameter j Weight 1 racoons I (iranulometric Analv s i s
*
| mm : weiuht (  umulalive <►.« : '!>Si 0: . 0- 1 Md rr„ 1 :
1*0-1 weiuhl ".1 ,
-5 o ; 51 5 i 0 0 ■5  - 4 0  -2 1 -5o  2 0 ■ 2 54 I 50 -7 %  :
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0 0 1 II 4545 X 55 45
i 1 1 5 : il '111 4X40 5 X4
, 1 <> ll 5D(I 5024 0 40 42
I 5 il 555 4100 0 42 40
2 o . 0 25(1 oioo 5 45 40
2 5 ■ (1 1X0 -XH2 2 40 1
: 3 o j o 125 | X040 2 1
I I )  o x x ' 15 1 4 0- oil 25
4  0 : ii 065 1” 405 0 oX X5
4  5 i 11045 15251 0 'o  50
5  o o 052 : 1 x 0 x 1 1 XX "o
6 0 ; 0 H P 10500 05 XI
"  0 ' 0 (IDS 12525 ion 00
( m ints: H u lk  W eight Percentages:
«  ! Wp : t i P Up ; Xtal 1 ithic ( ilass NA UX.ll
coum>
Wp Up Up Xtal I ithic ( tlU-Ss \ A
-5 0 ! 1) 1 0 11 (1 11 11 /; 11 M 0 <1 0 11 0 0
-4 5 1 1) ' I) 0 tt it 0 it 0 0 0 , 0 0 it 0 0
-4 l l j s | 1 0 0 it n 0 ; 1 5S 2 16 , 0 I) 0 0
-5 5 s ! 5 <1 (1 11 11 it > 0  6 > 1 24 11 0 0 0
-5 0 j X b 1) 0 11 i) 14 I os 1 56 ! o 0 i 0 I)
: *2.5 1 21 \ - tt 1) I i) 20 1 06 : 0 87 ' 0 It i 031 0
-2 " i 4X : i - 1) 0 36 it 06 1 64 0 5X 1 0 0 , 3 04 0
* ' 5 !
1 10 20 <1 o 109 I) 251 2 1 0 65 i 0 0 • '  ^7 0 0
- i n 202 i 2sti 3 <> 265 it it >00 I 3X 0 30 ; 0 03 0 5 XO ■ It 0
! - I p ] 207 i 50 1 it 262 <t 0 500 I 11 0 r 0 0 3 0 i 241 . 0
! 0 0 10| : 55 1 I 25.X 6 U 400 0 6 1 0 13 1 0 001 ; 1 45 1 oo3
; 0 5  i 1X0 20 -i ■s 2’ 0 s it 500 0 62 0 IX I 0 03 It 01 ! 1 55 : 0 03
1 1 0  | P I i 22 it •* 2X3 r it 5(H) 0 60 0 10 ! 0 0 04 : 1 57 . 0 08 0
! 1 5 102 i 24 0 14 2X0 10 It 400 0 3 " 0 r 0 0 07 ! 1 42 , 0 04 0
2 0  : 102 1 27 it 26 25" 2X 0 500 0 44 ; 0 0 0 ! " 0 21 i 2.11 0 20
| 2.5 ■ 150 [0 (t 36 212 "4 ft 500 0 6 " 0 0 0 ! 0 0 35 ; 2.07 0 6? 0
5 0 151 | 5 0 ! 4X 166 132 it 500 0 X6 ; 0 02 ! 0 0 51 ! 1 -fs . 1 28 ' It
: s  ^ i 0 0 0 51 104 245 n 400 0 : 0 I 0 0 06 1 05 : 3 50 ; 0
; 4 0 : 0 0 tt 42 "6 3X2 n 500 0 o : o 0 X6 1 I 56 1 6 21 ! 0
! 4 5 : 0 0 0 10 41 440 it 500 0 0 ‘ 0 0 35 1 0 76 j 6 42 0
5 0 | • ; • * ■ • • I I S 6 1 1X6 - 1 « ’ « • i • • ; 0 37  :
l o o • ; « • : • • • 1 4 $ : 14X2 • ; • 1 * • • : • X 05 '
- 0  | • 1 • • 1 • • • f~ $ 9 r x i> • : • : * * : • ■ • : 6 10 ■'
16.6" \ 8.31 r  o.o1) '  J J 7 | 2 9 . 4 0 f  " I M S [  2 3 . 6  !  :
i 1 L . i I .  . . _.. [  ;
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Marquesado tlow (lag breccia) base  deposi t at I ncalilv 53 |C H V-M -I | [Total sample weight: X37035 m g |
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count.s
Wp (ip » P Xtal l.ithie (ilass \ A  j
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-4 5 ■> 0 {) 0 1 0 a 5 0 82 0 1) II 2 04 0 0 ;
-4 I) ii 0 0 0 4 0 n 12 1 14 0 1) 1 'I 1 73 0 <> i
- .  5 11 I) 0 l) 0 0 a 20 1 10 0 1) 1) 1 '() 0 0 i
-3.0 15 1 0 0 X4 0 it ox < 1 25 0 02 I! 0 4 70 0 0
ol 2 1 0 120 It n 103 0 55 0 02 1) 114 0 3 92 0 0 :
-2 0 1 10 ■* f> 0 515 0 n 444 0 "2 0.03 1)04 0 4 09 II 0 ;
-1 5 144 ,.> 7 I) 1121 0 (t 1275 0 IX a oi 0 01 I) 2 54 0 0 ;
-1 0 XX 5 0 o 27! 0 it 573 0 xo (1117 0 12 II 5 2o 0 0 i
-0 5 ”0 3 o 1 tu b 0 tt "50 0 35 (I (12 I) 0.01 5.X7 0 0 i
0 (I 74 7 0 10 h50 0 n 750 0 56 ll 04 " oox 5 34 0 "
o 5 <4 i 0 4/3 014 54 o 750 0 51 il (12 I) 0 32 4 50 0 23 0
1 0 31 16 0 "6 557 00 a "5 0 0 [6 ll (10 1) 0 53 3.X7 0 57 0 ;
1.5 57 15 0 | 140 511 ' 41 "50 0 11 tV 13 «> 0.93 3 36 0.23 "  ;
2.0 XX *>*> 0 ! 213 500 ’ '7 0 750 0 |0 0 06 1) 1 39 2 54 0 21 0
2.5 120 10 0 ; 250 5 P ! 46 0 "50 0 53 0 no I) 1.43 1 95 0.26 0
3.0 130 6 i 2X0 i 2X3 I 51 0 "50 0 44 0 02 I) 1.78 1 XI) 0.30 »
i -V5 173 0 0 1 404 5 S2 i 51 0 "50 0 "2 0 " 2.47 0 4 4 0.13 0
4.0 I) 0 0 45S i 45 I 247 0 "50 0 11 2 46 0 24 1 05 '»
4.5 0 0 0 | 405 1 - ■ 538 « "50 0 0 " 0 30 O i l 4 10 0
5.0 . • ; • ■ • ; • I S I S I S I S * • ■ • * * 3 47
! O il * • : • : * j • 2 3 4 9 2340 * ■ • • • • 3 ox
7 0 • * ; • : • 1 * 2 9 " 207" • * • • • * 2 49
j \ ! - *-5T I»c59 i t . i i 17.76 56.66 7.17 9.04
L. .... ___  . i ;
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M- deposit at l.ncalitv ' 7  |(  HV-I -2 | [ l otal sample weiulu 5520IX ‘I m u |
drain diameter W eiuht Iraelums (iranulometric Analv sis i
<t> I inm weiuht Cumulative iti... [ ipsi 1 Ip... 1 <t>< j Md | a . l; :
[mu| weiuht "n 1i ! !
-5(1 0 0 4 0 i 4 I I -2 4 : -3 4 i -0 0 | 2  XX 17 40“ o
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4 II i  0 003 I  007 X0 I  X4 00 ;
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i-------
1 ♦
Wp Cip Hp Xlal 1 ithic ( ilass NA j total 
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Wp (ip Bp I Xtal
j
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-4 0 5 0 0 1) 1 ii n ! 4 1 o 0 0 ! 0 1 01 0 0
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-2.0 1X7 3 0 1) 105 0 a j 5X5 2 Oh 0 04 <> ■ 0 5 20 0 0
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! -i o 112 3 0 ■s 'Oo ft ! 444 1 3 7 0 05 0 ! 0 05 X 5h o 02 1)
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Marquesado tlow deposit at locali tv  52 | l 'H V -52-2a |  [Total sample u e iu h t  215505 I m e |
| drain diameter | Weielu I raetions ! (iranulometric Analvsis
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Marquesado tlow deposit at t.ocalitv 52 (C f 1 V '- '2 -2 h [ (Total sample weight  -202-10 X m e |
(irain diameter | Weight I ractions I (iranulometnc AnalsT iT
* mm weitthl
| l " r l
Cumulate e 
weight "n
1 ! it><; 1 Oi.
1 1
0. ; Md. ! o. i !■:
-5 n 51 5 1 0 11 I 5 X 4 '  I I I -2 1 2 X 2 55 ! 5X ' 0 “ o
-» 5 22 4 ; ii II
-4 1) lh  ii 03(W*i 2 X5
-I  5 11 2 ii . 2 X5
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'  i l l-1 '
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2 X
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-0 5 1 4 07*15 *1 12 '1 5X o X ' n .
I) II H I i H H X l 4 1 5 XII 1 57 : 25 x o 6 0
0 5 0 ' H I i 125X4 X l'» 62 ! 54 10 X 5 4 X
1 1) il 5(H) i I ( i ( i7 l l0 24 60 56 In 10 X 4 X
1 5 0 555 21X06 1 51 54 21 14 n X t 5
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! ii 5 10 0 1) 20 500 55 0 500 o 12 0 . 0 0  22 ; 3 i i 0 3X 0
! 1 0 14 0 (1 50 v 4 |()2 0 500 0 i | 0 ' 0 o 50 1 5 50 0  *)5 0
; 1 5 x 0 0 1 10 M I f>2 f) 500 o 05 0 0 I 50 j 4.2* 0 73 0
i - 0 ■> 0 150 : o i h4 (1 500 o o5 0 0 1 X? | 3 01 0 76 0 !
2.5 7 0 1) i 4h 2X5 f>2 I) 500 o 05 0 0 2 25 ; 4 55 OXX 0 ;
5 0 «» 0 IM 2"o 54 (I 500 o 05 0 0 2.75 ; 4 "6 0 X4 0 ’
: J ' 0 0 0 ISO 246 65 1) 500 i i 0 0 2.SX ! 5.^5 0 77 0 !
4 0 0 I) 0 1X4 21X os « 500 0 0 . 0 2 OS i 5.53 1 26 o ;
4 5 II 0 0 M 1X4 255 n 500 i i 0 0 I 07 ; 5 02 5 51 0 j
[ 5 0 * « * * * • 2 0 0 4 2004 - • ' * • j - • 0 74 j
! oo • • * • • - l .S ~ 6 1X70 * • : * “ i • * 6 27 !
7 0 * *
B * • • i  3 1 4 1514 • • ■ • * I • • 2.70
f  r
i .  i .
0.7ft 0.01 ! 0 16.72 | 5.- - 13.00 18.80 J
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Marquesado lluw deposit  at Localitv 52 [t 'HV-52-2c | |Total sample weiuht 26151X X m u |
| (irain diameter | Weight I raetions j (iramilomelne Analysis
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-1 u i  0 1 0 II 4~ X4 n 141 0 05 0 0 * 0 0 0 20 0 4 2  0 1
41 5 44 4 0 II 162 20(i 0 500 0 06 0 01 0 0 041 0.57  1 0
0 (1 0 0 * i i ’ 2d 5 a 400 0 ot 0 0 0 oi 0 40 I) 53 | 1) ;
0 5 l(i 0 0 10 2X4 1X1 /) 500 0 02 0 0 0 07 1 02 1)60 1 II
1 0 20 0 0 45 3’ - IOX 0 5(H) 0 06 0 0 0 IX : 1 56 0.40 i 1) i
1 5 Ki 0 0
“ 1 2X0 121 500 0 05 0 0 0.45 : 1 X5 0 6 6  : II ;
2.0 12 0 0 125 220 130 0 500 0 05 0 0 1 24 : 2 IX 1 22 : 0 :
2 5 X 0 0 164 150 1 ” 4 0 500 0 06 0 0
r 
i i 1X6 2.01 1 0
3 0 0 0 156 155 IXI 0 500 0 06 0 0 2.30 ' 2.2X 2.44 ' 0
> < II 0 0 151 1 (11 20X o 500 0 0 0 2 54 2.X6 2 01 0
4 0 0 0 0 40 140 302 o 500 0 0 0 1.07 3.27 S i s II
4 5 11 0 0 26 134 540 ; " 500 0 0 0 1 30 6 71 13*44
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! _ . - ! [ I . .J
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Marquesado tlow ( au breccial base deposit at I.ocalitv 53 ICBV-M-11 [ lotal sample weiuht 337635 mu|
drain diameter Weitiht I-ructions. l (iranulomctric Analvsis
mm vvciuht ’ Cumulative ! 0 .,« Osi : : .p. i Md, j a .  1 l'3
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-4 5 22 4 24000 2 .37 :
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! IS  15 











! SM I . | (iC I. | SM I . ( i t ' I .  i
- 1.0 2 0 52267 1 32 62 ’ ■> T V o ’ 1) ;
-0 5 1 4 52303 33 .36 i 11 II s il !
0 0 1 0 43760 44 6.3 ! l) 1 11 1 4 ii
0 5 0 710 45125 50 07 i i i 1 11 1 X t)
1 1) II 500 4 3 ' -74 33 30 ! 14 o 2 6 1) ;
1 5 11 3 5 5 30043 oo 07 1 12 n 2 3 ll
2 o o 250 36805 04 46 i •<> i 4 1 il 3
2 5 I) ISO 3.3.313 OS 44 1 14 i 0 : 4 4 (1 :
3 0 0 125 36526 ss  -.7 1 12
1
l 4 2 o 2 i
i
’ 7 0 033 ’ 3 1477 '6  5.3 i
4 0 0 063 31747 SO 20
■»? 0 045 30327 00 05 |
5 ll o 032 20005 ! 04.43
6 0 0 0 1 7 25X40 ! O ' 51
7(1 0 003 20X35 100 00
Counts:
Wp dp l ip  Xtal I tlhic
Hulk W eight Percentages:




ilass I NA total
counts
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M arquesado tlow (bods I middle  deposit at I ncalitv 53 [CHV-M -2 | | Total sample  weiuht l57X()Xh ntu |





; Oi. 1 *t>- M iU  | a , I-:
- 5  l l 3 1  5 1 5 4 X 0 0 o x i 1 4  2 ' ] - 4  0 S - i i h  t 3  3  5 1 1  7 3 %
- 4  5 2 2  4 1 0 1 2 5 0 1  b  2 3 !
-4 II lb II 1 0 1 2 5 0 2 2  0 4
-3 s 11 2 ' 5 2 0 0 2 '  4 1 : l
- 5  0 X I) 5 5  K i l l 50  o o
. s  > 5  b  
4 II 
2  X
5 ( 4 ) 0 0
4 7 0 0 0
5 7 7 0 0
5 4  5 0  
5 7  5 4  
4 1  2 0
i. . .
- 2 D
Minor l ithic 
j Counts ,
Abundance |  
Ivolume ° n |  :
1 • |  S M I . !  < i c i .  i S M I !  n a .  ;
- I d 2  ( I '  1 b  11) 4 5  ' 5 !  1 5 !  o  !  ' S  S ■  0  1
4 1  5 1 4 ' 3 0 h i i 5 0  4 2 l b :  o :  .5 ;  o  j
0  0 1 I I ' 4 X X 0 ;  5  5  1  o I X !  o ■ >  > ! 0
0  5 I I  7 1 1 ) 7 4 0 0 0 i  5 0  X h i 111 0 ' v  3 0
1 l l 0  5 ( 1 0 X 0 5 3 0 1 0 4  O b i 20 0 4 s :  0  '
1  5 i l  3 5 5 ' 5 5 7 o b O  7 5 21 ,  0  . 4  5 : 1)
2 0 0  2 5 0 5 0 3 3 0 *5 51 2 3 1 o 1 5 1 1 0 1
s S I I  1X 0 h 7 5 5 o ' 7  7X SS (I ■ 1 > <> : (1 *
3  l l 0  1 2 5 X b b b O X3 2 7 i 20 4 : -* -S ; i i  5 ;
I s I I  O X X 7 X X 2 0 ■ XX 2 7 i
4  0 (11 l b  3 ■ X X 2 0 0  3  2 b :
4  5 0  0 4 5 X 0 3 2 b ox 02 ,
5  i l 1  0  0 . 3 2 h 5 4 5 o o  3 5
b  0 0 0 1 7 5 X 1 0 0 0  7() 1
'  I) I I  O O X 4 0 X 5 100 00
Counts :   H u lk  W e igh t  Percentage*:
1 4> Wp 1 Cip Bp \ial 1 ithic (ihiss NA total
counts
Wp (ip Bp Xtal l.ithie ■ i ik iss NA
*5 0 0 0 0 1) 0 it ■> (1 0 0 0 0X1 1 1) 0
-4 5 1) 0 0 n 10 II 0 10 0 0 0 0 b 42 ! 0 0
-4 0 *> 0 (> ii 21 II n •s * 0 2o 0 0 II b 22 i 0 0
[ -3 3 5 (1 <» c, 5 b 0 a (ll 0 23 0 0 0 4 54 | 0 0
i -5 0 6 1 0 0 124 0 1) 131 0 05 0 01 0 0 3 43 0 0
; -2.5 20 o 0 0 220 <» 0 25X 0 13 0 0 II 3 47 1 0
-2 0 ?■; 0 0 11 412 11 0 4X5 0 20 0 0 I) 2.X3 0 I)
; ? 101 0 14 u b,35 n 1i "50 0 20 0 0 07 1) 3 30 ! 0
; -1 0 57 X 1 i i hX4 i i a "50 0 r 0 03 0 0 * II 4 33 ; 0 0
i -115 54 6 i 11 (iXO 0 a "5o 0 20 0 02 0.0* 1) 4 4b ! 0 0
0 0 25 0 0 1) * Ih 0 a "50 0 10 0 0 4 0 1) 4 b : 0
i 0 5 h4 13 0 X4 5X4 5 0 750 0 10 0 11 0 I) 54 3 02 | 0 0 3 0
: 1 0 b5 13 0 1 IS 527 27 it "50 0 34 0 07 0 O.XII 3 72 ! 0.17 0
i 1 5 5b 14 0 [00 471 10 it "50 0 r 0 13 0 1 24 3 15 II 1 1 0 !
- 0 52 10 0 203 452 24 1/ "50 1) 00 0 04 0 1 00 2.42 O i l
■ 2.5 4X 10 It  ^s“ 50b 50 n "50 0 12 0 03 0 1 42 *> i 0 33 0
3 0 50 13 0 331 "0 it "50 0 24 1) 05 0 2 5b 2 14 0.40
i 3 5 0 0 n 104 ~ A >73 ! it "50 n 0 0 0 X3 1) 5X i 3 5X
! 4 0 0 0 25 fifiX i it "50 0 : 0 0 0 47 021 | 4.33
4 5 0 0 hO
n 650 0 "50 0 0 0 llb-4 0.20 | 4.X2 0 ;
5 0
• ; . ■ • * 40 V 400 - « • • • 1 * 0.41 |




















0 30 1 
1.08 I
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Marquesadu tlow ibndv t l o p  deposit at I ucalilv 53 [CHV-M -5 | | I'oial sample  weielu X ?40lh  m e |
cirain diameter i Weielu I raetions ( iranulometric Analvsis
<i> 1 mm weielu i Cumulative Oi.. ! 0< : Md- i r r  i l ; :  :
i : [mgl weielu "n i
-5 o i . '1 5 i 0 i i 3 3 1 3  3 -5 2 4 4  | -0 4 i 5 07 i 15 0X"o
-4 5 i : : 4 400110 4 05
-4 ii I 16 0 40000 o 20
* : 112 3040(1 12 77 i















S M I  C.C SM I ( iC l  :
-i ii , -  11 >0054 40 oil | 0  I ) ' 2 o 0
-0 5 i 1 4 0IIX4X 4” 50 20 o 3 0 0
0 i) I o 40102 3 3 |0 2X o 4 II 0
0 5 ! o "|0 40070 5X XO 2o o :  - II
t ll ■ 0 500 4 X  X 5 ~ 04 .30 2‘ ) o I 4 0
I 5 ; o .>55 4oo5o O0 04 51 o 3 1 0
:  (i 0 25U 370X4 *3 31) 21 o *  1 I I
2 5 . o ISO 2 "004 ~ l>  31) 2X o -  ; 0
5 n ' o 125 5oXo5 XO XI 2o o '  1 0
o OXX 50050 X4 52
, 4 l l 1 0 005 : 300.30 X '  X2
4 5 o 045 : 2 o 14 S 00  XI
5 <i i 0 032 50X50 04 54
to 0 O O P 2T5XO 0 -  4 "
; "  ii i o o o xii
' 220X0 100 00
I________ ' -    -- - -
Counts: Hulls W ciuht I’m-cntattes:
Wp ; cip lip Xtal 1 ithic ( tlass V \ total
counts
Wp l ip  Up Xtal 1 ithic ( ilass NA
; -5 0 i 0 : I) I) 0 n il n 0 0 0 0 0 0 0
- 1 5 : o i 0 0 II 4 i> a 4 1) 0 n 0 4 05 0 0
; -4 0 j i) : 0 I) II i> 11 5 0 0 0 0 4 05 0 0
; .3 3 | 1) : 0 0 (1 0 0 0 0 '1 0 . 0 0 5 4X 0
: -5 o j : 1 " o X4 11 n XO (104 l l l l *  () 0 5 14 0 0
-2 5 t o ! 0 0 <1 24 i 0 a 241 0 0 0 . 0 to 05 0
! -2.0 I o i 0 0 (1 '12 0 0 512 0 0 1 0 0 5 00 0 0
1 -1 3 | 44 I 0 0 II 4(iX ii 1) M2 ti 2X II II 0 5 41 0
j -I oi j 0 0 0 ’ IS u n "50 0 12 0 0 ' 0 5 oX 0 0
-o5| >5 II 1) (I '1 5 0 n "<o 11 |0 0 0 0 to 0 0
0 0 40 : 1 1) 2 " 0 " 11 a "5o 0 |0 0 0 1  0 001 5 42 II
: 0 5 I T ; ty II 14 "05 4 I I ">0 0 I " 0 00 0 0 10 5 26 0 05 0
Ml 50 1 g (1 55 000 IS a "50 0 I " 0 0 0  0 0 24 501 0 12
1 1 5 j 20 : 0 0 51 /> 10 00 n "50 II OX 0 0 ; 0 32 5 02 0 55
2.0 41 ; o 0 150 440 101 a "50 0 ox 0 0 0 0 7 2 "4 0 5 5
2.5 1 1 ■* II 22X 5X5 ; NX i) "50 0 14 0 02 I 0 : 1 04 1 "6 0 25
1 3 0  | "6 i <> II 230 5o7 : 4X <> "50 0 24 0 0 154 2. IX 0 26
! ' X ! 0 ; 0 I) 12- 0 0  ; 524 11 "50 0 0  1 I) I 0 70 0 55 2.26
4 0 | 0 ! 1) 0 I5X l »2 520 i i "50 0 0 1 1) ! 0 75 0 50 2.25
; 4 5 : 0 : 11 <> 1 0 7 I I -  ! 531 0 "50 11 0  0 0 5 0 0 55 1.07 0 i
5 0  ; * ; • • ■ . - / y  7 " 102" ■ - • : * * • 5 55
: 0 0 ; • 1 • • « ; • 24X0 • * ; “ . * * * 5 15 i
: 7 0  ! ; “ ■ • • : • 3 1 5 4 5154 - • . * 1 - * 2 .5 '  '
! I
i . .
1.711 0.15 T 0 t ft. 17
i
74.44 x.o : j
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Murquesadu l lou (lay breed 0  top deposit at l i>ca)il> 54|t'HV-M-5J |Tmal sample uciuhl 015700 niy|
i ( Irain diameter j Wciii lH I ractions i Granulometric \nal>sis
* nnn | wcniht Cumulalisc *... : <Ki ' Oi- ' <>' 1 Md, i a,  ! 1:
i 1 11021 weieht i !
i -5 (1 . '1 5 7X047 12 X2 4 0 Z m ' - 1 4 .> 2 . - 1 4  ! 4 24 1 I 0 1>V>„
! -4 5 22 4 1 7 7 70 15 04 ; i
j -4 (1 K i d  ! 22h(iii io 51 , i ’
1 -5 5 112 4215b 20 15 1 : I I :
-3 o SO j 50(i 1 5 51 15 !
! .■> S 2X000 X2
1 o 4 (1 ! 50451 40 ” Minor l.ithie : Abundance ;
1 -i 5 2 S ',0 -n - 17 14 (. nunts i 1 [wmimc n\ 1
I S M I . : ( i d  ! SM I | Cic i ;
-i 0 2 o ; 40071 55 04 : 1 0 1 il 4 i 0 i
i -0 5 14 50255 oil 02 <1 0 i i> i i)
j 0 0 111 ! 507(iO O' (Ii ' fl n 1 4 u
i o 5 0 7 1 0  1 205 5 X 00 7X > 41) II ; 4 5 i i .
1 ° o 500 i 2 'K iO ' 4  10 20 1) h ‘ I ■ i>
; I 5 0 555 2244- "  X4 1 24 0 5 ii .
1 2.0 (1 250 XI 44 • 20 II - o 0
! 2 5 II ISO 14705 X5 X5 ■ 24 II -  > I) .
0i
n 125 IXOlO So X7 : : i II 0  ;
1 5 5 (I OXX 15570 XO 1)7
i 4(1 ll (I(i5 14154 01 57
:  4 5 0 045 10105 05 i i  ;
'  0 0 052 |04X> 05 '1
o i i 0 H I T 14040 OX IIS
* ii (I mix 11X05 l on on !
Counts:___  Hulk W ciu lit I’crccntattcs:
Wp 1 Cip j Up Xtal 1 ithic I ilass N A total
count'
Wp Cip ’ Up Xtal 1 ithic (ilass NA
-5 0 II ! 0 ; o <i 1 o ; a 1 1) 4 ; 0 12 X2 0 0
-4.5 II 1 o o ii 1 n : n 1 II 4 0 2 .X2 0 0
-4 I) 1) 1 0 1 0 n 15 n ■ n 15 II 4 0 5 07 0 0
5 1) 1 o ; 0 o _ ii 1 n ■> (I 4 0 0 X-l 0 4
-3.0 ' ; 0 ' 0 i) 24 n ; n 2o 4 15 0 i 0 4 X4 I) 0
-2 5 0  ^ 0 \ 0 i» o5 o j o oo 0  15 4 ; 4 4 57 0 ft
-2.0 20 i ! 0 n 175 II ! f l 100 <) 22 4 02 ' 0 4 ' i (1 0
-I 5 55 0 : I i) 4X0 ii j n 520 4 25 0 ; 0 0 1 0 0 15 0 0 1
-1 0 55 : ll I l 0 452 0 ; it 500 0 54 4 I 0 4 1 0 0 lo 0 <1
-0 5 50 ! o n 1) 440 (I i ft 4XX 4 51 4 ‘ 0 0 (17 II I) ■
0 0 n ; 0 o 0 455 2 t) 450 0 15 4 , 0 4 X5 0 02 0
o 5 21 ! o > ii o 422 4 n 447 () 14 4 0 4 50 0 04 1)
i n 14 ! 0 5 410 14 \ a 455 0 |() o : 0.03 4 12 0 17 0 :
1 5 10 i 0 - I) 12 50X I I  i n 410 4 OS o ! 0 11 7 77 0 00 0 !
2.0 0 I I )
1 0
41 574 14 | t l 445 o o2 4 4 54 5 10 0 14 0
2 5 0 ! ii ! o 04 520 22 n 450 0 4 : 0 52 1 77 O i l 0 ,
5 0 0 i (» i 0 . fhX 27X 44 | n 405 0 0 1 I 05 1 7 J 0 2X 0  !
5 5 11 1 0 0i 2JX 1 X
- h i  ; i) '4 4 0 0 : 0 01 1 II) 0 20 0 '
4 0 ii ! 0 ! 0 254 148 "4  | n 510 0 <> i 1 10 0 01 0 20 0
4 5 0 0
o 45 141 in s  n -'04 0 0 1 0 4 2 0X2 0.5X 0 :
5 0 | • 1 1 • • • • j 1030 105i) - .  | • * 2.f>8 !
0.1) • i * • • • | 1 3 3 0 1550 • • [ « • • 2.3S i
7 1) ■ j i *I • • • : 16 X 6 10X0 * • j * •






1.85 11.02 j 0.02 4.46 84.95
.
6.98 |
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Marquesadu tlow (pumice lens) deposit at l.ncalit} 7,X [C B V -M -4 | [Total sample weight h i 40X5 m g |









'IOi <61.. ■ ■Ii. Md.  i C7; P:
-5 0 3 15 25X00 4 20 4 • 2 0 - 5 0 -4 X ■ -0 4 ; 3 15 12 64%
-4 5 - - 4 2 0 |oo X 04
-4 0 lo t) 20100 1 5 (,X
• 1 > 112 20200 IX 45
















1 S M I . ( iC l SM I ! ( i l l  j
-1 0 1 2 0 .5X00.5 41 01 1 15 0 5 1 I) !
-0 5 1 4 420X.5 4 '  X’ *> > II '  1 II .
0 0 1 0 5 7(i 71 ' 4  00 21 II 4 5 II
0 5 1 0 711) 370X7 00 14 1! 1 0 4 0 l l  !
1 0 ; 0 500 .30W)1 oo 50 20 II 0 ' 0
1 5 0 455 52141 ' I  X2 24 5 o 5 1 2 :
: o 0 250 27oxo 'o  5X 20 ; 2o 0 0 (i i
•> ; 0 1X0 25004 XII 40 2X 14 X 1 4 2
3 0 '< o 125 24100 X4 40 54 12 0 51
3 5 ! ooxx 1X210 X7 50
4 0 ooo5 21544 00 X4
4 5 ; 0 045 10.540 0 5 00
> 0 ; 0 052 14175 00 50
ft 0 ! 0 0 1 7 12500 OX 55 i
7 0 ; OOOX
l , 10150 loo ooi_____1_______I________  !
( ounts:_______________________________________________________________________ l iu lk  \V eight Percentages:
id
1
Wp (ip tip Xlal 1 ithic (il iLss NA total
counts
Wp (ip Up Xtal i l .ithie (ilass \ A
j -5 0 0 0 0 (1 it II 0 o 4 20 0 0 1) I 0
-4 5 X 0 0 0 it II i) X 4 "4 0 0 1) 11 1) ’
-4 0 10 0 0 n it It n 10 4 "4 II 0 II ; 1)
-5.5 17 I) 1) i) i) 1) a 20 2 44 0 0 0 3 32
■ -5 0 XO 13 4 " (i 23 1) n T 2 1 'o II 21 0 1^ 1) : i i i
.s  5 270 IX ti h5 1! n ;7> 1 hi 0 14 o 5^ I) 1 1 31
-2 0 505 ;s *•*> 0 1 05 (1 n X04 2 10 0 r 0 33 1) i — !)
-1 5 451 04 II 544 II n 113o 1 31 o 25 o 37 I) 2X5
: -i n 305 10 0 1) 42X II n "50 1 54 I) 14 0 I) : 4 00
| -0.5 s s 7 10 I) It 0 ti "50 1 22 I) It) 0 I) . 4 55
0 0 OX .34 0 •> 4X7 I) <> "50 I 30 0 22 I. 1) 02 i 4 50
; () 5 I5X IX t) .'X 5 % 0 n 750 1 03 0 I S 1) II.2X i 4 05 0 0
i  1 0 I5X 40 0 >3 520 (1 i i 750 1 i n 0 2') 0 0 20 i 4X0 II
! 1 5 104 33 0 44 5h0 I) "50 0 35 0 33 0 0.32 [ 4 23
2.0 XO S s 0 225 141) 250 « "50 0 |0 1) 16 0 1 01 1.00 1 50
: 2.5 125 X3 0 1^5 i)7 250 n 750 0 35 0 27 0 1 20 0 0 4 1.53 o :
! 5 0 76 32 1) 348 Xf> 208 t i "50 o 23 0 10 0 2.01 0 50 1 10
1 3  5 1) 45 0 532 105 hX n "50 it 0 14 1) 2.17 ! 0.43 0 2 2! 4 0 0 " 0 2i>x "0 573 t i "5 0 n 1) 0 1 54 ; 041 153 0 1
! 4.5 I) <> I) r i 5X 521 n "50 0 I) 0 D.84 ; 0 20 2.02
! 5 0 • « • • S iS 6 88 ft • • * 1 • 2.31
1 0.0 ■ • • • • 1 1 4 4 1144 ■ * • ;
1 a
2.05 !
1 ' ( ) * . • * 1 4 5 4 1454 * • « ; ■ • i.ft5 I
•
29.86 2.7(1 l . % I 0 J 7 ; 41.11 7.99 6.01 |:
t 1 L
]
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Marquesado tluw (lag hrecciai hase deposit at localitv 70 |CHV-M-6 | |Total sample weight: X04144 mg| 







'0,.. Md, I <T: !■: ;
-5 <1 ' 1 5 0 o 5 4 4 s •: " ; .4  5 i 0 0 , 5 55 20 22“ .. 1
-4.5 22.4 40750 * 07 '
-4 h 16 I) 40750 ■ 10 14 i !
-3 5 11 2 17500 12 31 i !
-3 tl X II 21200 14 Os
-2 s s tl 21 Olio I *  O'
-2 (1 4 ll 27*00 ! 21 00 M innr Lithic ( ; Vnundancc .
-1 5 2.8 284DO ; 24 02
Counts ; |\olumc%| ,
SM I . 1 CiCJ. j ! S M I I (><-1
-1 l) 2.0 -i 1 163 2X 50 0 (1 : ' ii 1 0
•ll 5 1 4 64*53 5o 5X 1 0 ; o : o ;
I) II 1 l) 54120 10 X2 4 1 " : 0 0 "  I
0 5 1) 710 57445 45 4X 6 1 "  i ■ n 0 0
1 (I 1) 500 5X525 *0  2 ' - 11 o
1 5 I) 555 5X271 S S 05 V ; "  i ' 0 s 1  0
2 ll 0 250 37420 5l »oX 1 0 1 :  1 1 0
s s o 1X0 515X0 0.3 5X > i  1 )  ' n s II
5 1, 0 125 420X0 :  08 03 5 '  1 ) ;  1 1 II
5 5 0 OXX 5X075 \3 7X !
4 0 0 0h5 3X0 "3 ' 8  02 I1
1 4 5 0 045 0| 50 5 xo oo
5 I) 0 052 30020 ' 0 3 85
6 (1 0 O P 27400 07 25
'  0 i) oox 22140 100 00
(o u n ts liu lk  W eight Percentages:
4> Wp (ip Up \tal 1 ithic (ilass NA total
counts
Wp (ip j Up Xtal l.ithie (ilass : N ,\
-5 0 0 11 0 0 • I il n 0 0 0 > 0 0 " 0 1 o
-4 5 0 0 0 <1 ; (I 3 0 0 : () 0 5 1)7 0 1 0
-4 0 12 0 II II 4 ') n lo 2 52 0 : 0 ( 0 2.55 0 ; ll
-3 5 10 I) 1) II lh 0 0 0 "X 0 o : 0 1 40 0 ; o
-3 0 20 1 (1 (1 2* (1 n 5* 0 62 0 02 ! o | 0 1 00 0 0
-2.5 34 I) 0 0 0 a 0* 0 6 I <> : o ! <> 2 11 0 : <>
-2 0 40 0 0 II 214 0 a 200 0 2 " » ; o !«» 3 15 0 0
-15 2X3 24 1) II 443 0 " 5 * 0 *0 0 10 o 0 2 53 0 ! "
-1 0 00 12 0 (1 6 6* <1 i) "50 0 IX 0.04 0 ! o 3 66 0 ; ii
-0.5 101 I I 0 0 63X 0 n "50 0 36 OOX i ° j 0 -» --J)S 0 0
0 0 35 17 0 1) 6*8 (1 n "50 0 12 0 07 ! 0 0 4 05 0 ; o
0 5 -’ 3 10 1) 13 6*0 4 0 ‘ 50 0 13 OOX 0 0 08 4 35 0 02 ; 0
1 0 > (1 23 6 5 " IX 0 750 0 22 0 03 ! o 0 14 4 20 0 10 i o
1 5 33 5 0 63 58* n "50 0 10 0 0 4 0 4 0 3 XX 0.34 02 0 43 0 (1 77 55* n "50 0 0 * 0 ! i, j 0 50 3 65 0.41 : 0
2.5 X3 0 0 I8X 431 n "50 o 2o 0 ■ n ! 1 05 2 02 0.25 i o
3 0 XO 0 1*6 ! 403 ; " "50 0 32 0 ■ o 1 48 3.05 0 4* 0
3 5 ox 0 0 13* : 31* 1 14 j it 670 0 60 0 i o ! 1 OX 2.4X 0.6* o
4 0 114 0 0 127 : 241 14* 0 031 0 "6 0 i () i 1 07 2.03 0 .** ( 0
4 5 I0X 0 0 24 , 203 204 f i 62* 0 "1 0 <> j 0 70 5 05 4 7 2 ■ 0
5 0 • • • « i • ■ , 1932 1*32 ■ • ; • | - ‘ ■ 3 X4
0 0 « • ■ ; • • 2 4 9 6 24*6 ■ • | • 1 « ■ 1 3 41
7 0 • • * • j * _ 3 2 0 2 '002 • • ! * ! • • ■ I 2.75
■ - - 1
ii
9.41) 0.46 [ 0 t 6.50i
65.54 8.01 f 10.00
..... ._ i i i I
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Marquesado How ( b o d s ) middle  deposit at I ocalitv 70 [C'1JV-M-7| |Total  sample  weight 54X150 m g |




weight" ' i t
<tKi ! Oil i 0* . Md* j rr.
i !
1; :
-5 o 51 5 0 0 4 4 j 3 X : -2 t> ; *4 1 ! 0 3 i 2 XX 14 16%
-4 5 22 4 0 ’ 0 ; , • |
-4 0 10 0 5(i50() o 02
n 1 12 1 looo X ' 0 !




I o xo 
2 0 0 0





Minor l.ithie i \bundance ; 
Counts i | [volume %| !
SM I . ( i l  1 ! i S M I .  ; ( i l l .  i
-1 0 2.0 2X40X 50 4o 0 1 o . ■ o I o !
•0 5 1 4 52245 50 54 0 ; 0 : II II
0 0 1 0 50007 ; 41 X5 0 I 0 i 0 ; o ;
0 5 0 "  10 50051 47 45 1) II 1 II ' 0
1 0 0 500 51 ~ 14 ' 5  21 0 0 0 0
1 > o 555 20ooo 5X 02 0 II II 1 II
:  o o 250 2 7 2 IX 05 50 I) I II 0 1 II
2 5 0 1X0 24021 OX OX 0 ! o ■ i i 0 !
5 0 o 125 5X555 OX
i
1) ; o o ; 0 ;
•' OOXX 515X2 XO X4
4 0 o oo5 507X5 1 XX 10
4 5 0 045 41521 1 05 07
5 0 0 052 0110 ! 07 55
0 0 0 017 xooo ox XI
'  0 0 OOX 0525 ; loooo
(  nunts:___________________________________________________________________  Hulk W eight Percentages:
♦ Wp (ip Up Xtal I .ithic ( ilas.s NA total
counts
Wp (ip Bp ; Xtal
1
l.ithie (ilass N A
-5.0 II 0 0 ii n 0 n 0 II o 0 II o o o
-4 5 0 0 i) ii ii 0 0 n 0 1) n ; (I 0 0 o
-4 0 II II (i 11 4 (1 n 4 0 II 0
•
: 11 o o2 0 0
-5 5 0 0 0 o * II i) 3 0 ii II 2.17 0 o :
-5 0 5 1 T ii 21 1) t) o 2o 0 07 0 13 0 4 45 I)-2 5 10 I) II i> 3 s I) a 54 o 45 0 0 I 0 2.XI) <» II
-2.0 41 I) 0 ii IM I) n 202 (I 36 0 ! 0 5 44 0 II
-15 40 15 32 n 551 0 a 045 0 20 0 07 0 22 i 11 4 (IX 0 0 ;
- I I I 00 1 s ii 664 0 t) ' 0 21 0 01 001
i "
4.07 0 0
-0 5 77 [7 S n 63X 0 0 755 0 35 0 0 4 0.04 II 5 40 <> 0 i
0 (I 105 25 15 ! 648 I) n X42 0 44 0 11 0.07 0 01 4 XO 0 (I :
0 5 70 0 (1 15 640 4 n 770 0 44 0 | 0 III 5.02 0 03 0
1 II 40 0 0 "5 657 IX n "Oil 11.22 0 0 j 0 54 4 .0 1 0.12 "  !
15 54 0 0 112 5S4 60 0 X 15 II I I I 0 1 0 70 4 12 0 50 o i
2.0 04 0 0 142 554 " I 0 xxo 0 15 () 0 ! 1 14 5 5 2 0 3X 0
2 5 41 I) 11 145 431 4X f i 715 O i l o 0 1 127 2.XI 0 20 0
5.0 2X I) (1 2S4 403 71 0 701 0 14 0 0 2.02 3 65 0.50 "
5 5 0 0 144 314 114 0 582 0 0 0 1.54 3.37 0 02 1)
4 0 0 I) 0 112 241 140 n 502 0 1) : 1.75 3 71 1 82 0
4.5 0 1) 203 204 n 450 0 0 1) j 0 . 0 1 ) 3 2 05 o  !
5 0 • « . • * 5 6 9 500 . • i ’ • • 1 . 0 0  j
o i l • * • ■ ■ * - 3 5 ■55 ■ • ■ • 1 4X ;
7 0 • • • ■ * * 9 5 2 052 • * • | . • • 1 10
• • ■ - - 3.J5 < u s 0.47 | 10 .6: *3.42 7.46 4-33 !
. . ____ . 1 . i . . _ . !
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Marquesado l lo u  (lag breccia! middle deposit  al l.ocalits 70 [CHV-M-X| [ I'olal sample weight  41)7721 m g |
drain diameter j  Weight I ractions I  (iranulometric Analvsis




|  0..i i
]  i
‘ D v i  !  O i , .  1 0 s  ! Md, ( T . l; :
* 5  0 3 1  5 :  n 0 i  *  5  ' 4  5  :  1 - 4  ! 1  5 5  2 0 2 5  5 6 %
- 4  5 2 2  4 i i 0 ! , ■
- 4  0 10 0 5 4 1 ( 1 ( 1 X  5 6 !
- 5  >
‘  ' 11 2 100)0 M i *
, 1
- 3  0 s  o 1 5 4 ( 1 ( 1 1 0  4 5
3  o
4  0  
2  X
I I 2 ( K I  
' 121 ( 1(1 
i  1 5 5 0 ( 1
! ‘> I X  
2 2  1 5  
2 5  4 1
* 2.0 
-I *
t Minor l.ithie < 
i  Counts i |
Abundance 
[volume %|
j  SM I . I ( i (  I SM I ! ( i d
■1 o 2  0 • 1 4 5 2 2 2 X  o : !  0 ! 0 0 !  0
• 0  5 1 4 1 6 X 7 0 5 5  00 !  5 0 0  X : 0
0  0 1 o |  1 6 1 1 2 " ;5  o o h i  0 : 0  0 !  I I
0  5 0  7 1 0 !  1 7 1 4 0 4 1  2 0 I  > ;  o  ; o  X :  0
1 0 0  5 0 0 j 1 X 5 6 6 - 1 5  T s , • 0 !  2 , t l
1  5 ( I  4 5 5 1 0 2 5 0 4 " 12 t i 2 o 0
2 0 0  2 5 ( 1 2 0 7 5 4 * *  5 6 :  1 4 ' I I  !  1 2 o (1
2 5 0  I S O 2 2 5 X " h |  0 5 1 5 I I ;  o i l
;  o ( 1  1 2 5 !  2 X X 0 6 h X  1  2 !  1X 0 4  5 1 0
3  5 0  O S S |  20050 " 4  h 4
4  0 (1 ( 1 6 5 :  2 6 0 5 0 X I  ! h
1 4  5 ( 1  ( 1 4 5 ;  2 X 5 4 0 X X  1 5
5  o ( 1 ( 1 5 2 1  1 X 5 X 5 0 2  6 9
6  0 ( l  ( l l 7 1 6 5 0 0 O h  “ ’ 4 ;
T O i l  n o s 15510 100 00
( ounts: Hulk  Weight Percentages:
4> w p dp Up Xtal 1 ithic (ilass ! NA total
counts
Wp dp » P Xtal 1 ithic (ilass i NA
!
-5 I) 1) 1) 0 0 0 0 I t i 0 0 ll 0 0 0 0 0
-4 5 II 0 0 0 0 0 \ 0 0 (I ll o II 0 0 | 0
-4.1) 0 0 0 0 ' i) ; ft 5 11 0 i) 0 X 56 0 , 0
-5 5 '1 0 1) II h 0 (1 6 11 11 0 0 4 "X 0 ' 0 ;
- 5 " II 0 ll II 12 (1 ; 0 12 11 0 0 0 5 20 0 ; 0
.2 , 0 0 0 1) 2X ll 0 54 (I 16 1) 0 0 2.5X 0 11
-2.0 11 0 0 0 ox 0 ; tl 100 0 15 1) 0 0 2 X4 0 0
-1 5 14 X 4 0 5 lh ll \ 0 542 m ix 0 06 0 0 4 0 5 00 0 ! 0 ,
-1 (I 67 I I 1 0 669 0 i 0 74X I) 16 0.04 0 0 * 0 5 52 0 ' 0 i
-0 5 45 10 0 0 h5X (1 1 0 7(10 0 15 0 0 7 0 0 5 02 0 i 9 I
o (I I s 1(1 0 i l h04 ll I 0 750 0 11 0 04 0 0 06 5 72 0 j
o 5 5X 24 0 35 h55 0 I n 750 0 12 0 17 0 0 10 5 75 0
1 11
1 0 3 7 25 0 loo 5TO 0 ! t i "50 0 I 7 0 15 0 0 65 5 61 0
1
1 0 '
1 5 i i 0 114 5X0 10 i t i "5(1 I) 07 0 12 0 0 71 5 77 0 05 | 0
2 0 50 15 0 ION 4X1 10 0 "50 0 00 0 0 4 0 141 5 43 0 12 ; 0 ;
2.5 41 5 0 2“ 5 5X2 40 | t i 750 0 15 001 0 2.00 2 01 0 5 5 i 0 {
5 0 21 0 20X 405 XI \ 0 715 0 12 0 0 2 11 4 DO 0 75 i 0
5 5 I) 0 115 510 os ; t i 550 0 0 <1 1 45 4 1)0 0.98 11 i
4 0 I) 0 0 X4 241 129 j 0 454 0 0 0 1 2X 3 6X I 56 ! 9
4 5 0 0 0 50 203 1XX ! 0 450 0 0 0 0 70 5 62 2.65 1 9 '
5.0 • * - ■ i / 6 : 1162 • • • • * • ; 4 56
6 0 * * * • • • ; i 5 n : 1502 • • • * * • i -*■<* i
7 0
. '






0.68 0.04 10.65 68.83
*
6.46
[ 3 . 2 6  i
I n *87 i
.. 1 . . . . . .. ... . _____ _ ___ _L. _ . L  . . .  .1
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Marquesado tlow lh o d \  I (op deposit al I.ocalil) ’ l| |C HY-M -0 |  [Total sample \seiulil 5 (s7W Om e|
(irain diameter Weight 1 raetions i C iranulomctric Analvsis
| mm ueiitht Cumulative . it,. ! ‘tU* Oi- r 0- : Md, ! n. ! 1
i fme| weight « 1 i i 1
*5 0 1 M 5 0 0 i> 4 5 0 ; -
. _ ; s > 2 0 ■ 2 01 , 40 55'*.> .
-4 5 i 22 4 0 ii
-4 i) : lOII 14500 ■> > 1
> ; 112 S400 I no
•5 I' ‘ x 0 I [000 (> 00














SM I (iC 1 SM I ( i d .
-1 i) . : o 1 X5d(i r  40 X 0 1 2 1 0
•i i 5 1 4 |i rO ( i 2o ox 2(i 1) 4 I 0
n it 1 0 20554 24 50 52 II 4 0 0
o 5 ii ' i n 22150 2S 54 2X 0 4 5 0
1 i) (I 5(1(1 2 5 ' " 0 ; ;  05 25 11 * 5 n
I 5 (1555 25140 5 7 12 24 0 4 I 0
: 2 (I (125(1 25010 41 55 l  7 0 '  (> 0
2 x 0 1 SO 15"X0 15 ox 10 n x 1) i i
5 ii 125 4502-1 x 1 no 2o II X 1) 0
t x OOXX 4 4 1 0 ' ' 0  45
4 M ■ ii (i(i5 4410> o '  22
4 5 o 045 44205 "x 00
5 o 11(152 '4 5 5 0 00
0 0(11' 4X425 0 ; i :
'  I) ii mix 50050 loo 00
Counts Itu ik  W ciuht Percentage*:
1 *  : Wp ( (ip tip ; Xtal 1 ithic l ilass NA total
counts
Wp l »P Hp Xtal : 1 ithic (ilass NA
. -5 0 ; II il 0 0 0 0 if 0 il 0 0 0 : 0 0 0
: -4 5 11 11 0 i) 0 ii n 0 11 0 0 0 ; n 0 I)
1 -4 0 j 2 ; ii 0  0 1 11 0 5 1 00 II 0 0 . 1 52 : 0 II
: - ’>5 1 5 : ii 0  1 0 I 11 0 I n o ; 0 0 0 0 55 0 1)
: m i i i ii 5 0 0 0 11 12 11 0 0 20 0 1 00 1 0 0
•2 * 1 ii 0 0 0 20 0 it : >' 0 12 0 0 0 1 01 ; 0 0
’ *-■'> X : ll II 0 151 1) n 150 111 r (1 0 0 2 So 1 0 0
* l ?! 0 ; (1 5 ’ 0 Mo 11 n 55n n 05 0 0 5 0 05 0 5 15 ' 0 II
! -l o i 45 ! (1 0 0 OfiO 0 n "2o 0 10 0 0 2 0 0 ■ 5 12 ! 0 0
! -ti 5 ! 54 : 12 0 * ' 05 X 0 n (iXO 11 10 0 0 4  1 0 0 0 2 0 0
in i 2(1 15 (1 X 004 n n "* 0 0 Of> . 0 OX ; 0 0 0 4  j 5 4 " 0 ll
il 5 : 14 ; x 0  ; 50 o55 0 \ if "14 II 0(1 , 0 0(1 1 0 0 21  ! 3 62 0 II
i o ^ o i 5 0 " " 5"o 0 ■ 11 : (»70 0 04 0 05 i 0 0 50 ■ 5 03 ■ 0 0
! 5 15 4 0 i 01 5X0 0 i f "00 II 05 0 05 0 0 52 5 45 j 0 0 4 II
I 2 o  ; 2ii ; 2 0 ; 102 4X1 2o n ; d25 0 05 O0| 0 0 "4  . 5 48 ! 0 15 0
; 2.5 ■ II (1 0 : 210 >S2 42 n f>40 II 0 0 0 X2 : I 40 I 0 15
5 o ; 1) ; I) 0 10s 405 o5 . n ■ 0(i4 0 0 0 2.55 4 "3 0 fiX 0
; ^ 0 1 II 0  -5 510 115 i n 507 0 0 j 0 1 i s  : 5 14 ! 1 45
; 4 0  ; 0 0 ; 0  ; ti4 . 241 225 n ! 0 ; 0 ; 0 105 1 5 X7 ; 2 XT
i 4 5 0 0 0 i 5X 205 545 ; 5x0 0 0 ! 0 0.58 ; 3 02 : 4 13
5 0 *  1 “ •  • • ■ • ' 340,S | 540X • ■ • - - ' • | ■ 0 no
! (i .O • ; * ; *  1 ‘ : « « ’ 4402 4402 - • , • - ' • ' - X 53




2.61 1 (1.29 j 0.25 ; 7.97 |
i
54.42 25.01
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Mart|iiesadi> How distal depnsit .tl I ocalils XO | t  H V -M -I0 |  1Total sample  weight  340420 m g|





j | «t>XJ : <t>!- j >D‘
1 ■ t
1 Md, ! n .  1 : 1
1 1 ' i i































: Abundance j 
1 [volume %| |
S M I ' ( i d ; S M I  j ( iC l  ;
-1 1) 2 0 4474 : > : 0 , : 4 - ! 0 I
-0 5 !•* X33I 5 17 1ft ! «> 1 5 3 j o  ;
01) 1 0 055X ■ ox 230 : 0 1 8 3 j 'I ,
0 5 0 710 14X63 ' 12 34 IX ! 0 : ft 0 | ll :
1 0 0 500 16403 1* 16 15 0 4 3 ! 0 '
1 5 355 1X556 22 61 r ti > n (}
2 0 0 250 2126" 2X X6 10 <1 - 4  1 II
s 5 0 ISO 2302X >5 6.3 21 0 0 I 11
3 0 o 125 501 0 ' 44 50 14 0 ft - ; 0 1
l 3 5 0 OXX 211X2 3(1 72
4 0 0 063 5000X ■ 50 56
4 5
0 045 560X4 70.42
5 0 0 0 3 2 3X665 i XI 7X
6 0 0 0 1 7 34335 , 01 X7
7 I) 0 OOX 27601) ! 100.00
Counts:_____________________________________________    Hulk  Weight Percentages:




Wp ( i P Bp Xtal l.ithie (ilass \ A
-5 0 I) 0 I) 0 0 ft : n ft ft 0 ft 0 0 II ft 1
-4 5 0 0 11 0 a ft I 0 11 ft 0 0 0 0 0 ft
-4 0 0 0 0 11 0 ft i 0 11 ft 0 ft 0 0 I) ft
. 3 3 0 0 0 ii u tl : 0 ft ft 0 0 •» 0 II 11 ,
-3 0 1 2 0 0 0 ft ft 11 1 ft 1(7 » 0 0 0 0 ft
.2  5 1 6 0 t 11 ft ft ft ft Oft ii 0 12 0 0 II 0 i
-2.0 130 7 0 a ft <1 i it ■> - 0  23 0 14 ft 0 0 (1 0 ,
-1 5 175 14 0 0 41 11 203 0 44 0 0 6 0 0 5 " 0.23 11 *> i
-1 0 166 24 10 0 150 ft ( i 36X 041 0 0 8 0  06 0 0.73 0 '» i
-0 5 241 27 11 304 ft 0 500 ft 5ft OOO 001 0 1 80 11 0 !
0.0 153 S 4 I 24!
T i it 500 I Oft 0.04 0 03 0.01 1 60 0 01 0 j
0 5 XI 12 - 13 208 22 i 0 500 I 25 0.13 0 01 011 2.67 0 ix 0 I
1.0 06 11 I I 10 1 34ft 20 ! it 500 ft ftl 0 0 0 0 0 0 0 1 0 3 58 0 26 ft i
1 5 110 12 S 45 i 308 37 n 500 0 v3 0 20 0.03 0.53 3 76 0 30 0
2.0 134 13 2 ft2 j 25^ 47 : 0 500 ft t il OOX 001 0 0 5 3 0 5 0 61 0
2.5 120 0 4 • : 231 51 j It 500 ft 04 0 07 0 03 1 16 3 ' 5 1) 7X 0 j
3 0 121 4 3 Oft 200 5ft 0 500 1 42 0 04 ft 03 2.03 4 2 0 1 05 0 :
’,5 0 I) 0 H>3 : "ft 107 I 0 500 1 3~ ft ft 1 40 1 14 2.23 11 :
4 0 <> 0 0 ft4 ft I 375 ’ It 500 ft ft ft 1 34 1 28 6 22 0 ;
4 5 1) 0 0 34 ; 48 41S i 11 500 ft ft ft 0 00 1 27 X 70 0 !
5 0 • * • • : * • j 2 4 / - 2417 * * - * • • 1 1 36
6 0 • • • ; * • 5 1 2 1 3121 • « • * ; - 10 00




I .  .. 1
i
i
0.56 1.02 0.47 X.7I ' J0.23
i
20.43 29.58 j
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M arquesado l lo u  (bods  ) ha.se depnsit at l.ocalils SI [C H V -M -I3 |  fl 'otal sample weielu: 720345 m s |
drain  diameter ! Weielu 1 -ructions: | (iramilonietnc Analv sis
♦ mm | sscieht 
i In is !
( umulatuc  
o e ie l iP n
i Ot- ; Ith ; M i L  ; rr. I i -  i
-5 0 31 3 1 7X30(1 III S ' ! 5 0 , 5 ’  -4 2 ■> - o -* ;  40 r f > x %  :
-4 5 22 4 0 10 S '
-4 (1 Id I) 42300 1(1 "4 !
• i s 11 2 1 22200 10 X2
•3 0 SO I 2X100 1 } “•*!















! SM I ( iC l SM I ] ( i d  ;
-1 ti 2 0 : 4 5 n ' l 45 h } : h 0 n 0 i 0 ;
-il 5 14 43400 5 1 h5 0 : 0 1 4 0 .
il ll 1 0 i 383711 *6 OS . 14 0 2 1) ! 0 :
n 5 II T i l l i 374(i4 o2 IS IS 0 2 X ; 0
1 l) 1) 300 04 "07 (>7 00 , l l> . 0 ' 5 : 0 .
1 > 11 3 3 3 ; 30035 - 1 r ; 14 0 :  4 1 0 :
2 il o 230 24XXO ",4 o2 , 0 0 10 0
S S o ISO ! 200x0 ~  54 11 0 ’ Z  0 (1 .
3 0 o 125 i 17233 "o 0 5 ' h 0 1 * ! n ;
3 5 (K ISS i  17233 82.32
4 I) 0 0(i3 31112 So 04
4 5 0 045 ; 44203 o :  " s
3 II o 032 100X0 05 55
(i II O O P 1 ” 45 os 01
'  I) o IIOS 14310 100 00
t <m i i i Is : Hulk M  cittht I’eieenlaues:
* Wp (ip Up Xtal 1 .ithic ( ilass \ A total
counts
U p (ip Up Xtal < l.ithie (ilass \ A
-5 0 II 0 0 I 0 n I 11 1) 0 0 10X7 0
-4 5 II 0 0 0 0 0 n 0 11 0 0 0 1 ') 0
-4 0 0 II 0 0 4 0 tt 4 0 0 0 0 5 X7 0 II
0 II 0 s 0 n s 0 0 0 0 3 (IX 0
-3 0 0 II 0 [0 0 n 10 ii 0 0 (I 3 on 0
.2  5 3-
s * * i 11 n 0(1 0 os 0 04 0 33 0 ; 4 3*> 0
-2.0 i  ^ 1) X 2-1 0 tt 302 0 io (1 0 0 ? '» 1 4.H4 0
-1 5 40 0 054 1i n m i x 0 1(1 0 04 0 03 i 5 (.2 0
-1 0 X7 IX > s fiOO 0 n 'X I 0 5 5 0 11 0 03 0 02 j 5X4 0
-0 5 82 20 s OCX 0 0 ' 4 7 0 41 0 10 0 03 0 02 5 4 ' 0
0 0 I5X 41 1: 2 004 0 0 O t r 0 02 0 IS 0 05 0 01 ; 4 4h 0
0 5 17 IX 4 i : o53 1 i u ' ( i4 0 (>1 0 15 0 02 0 08 i 4 35 0
1 (I " I 12 I 20 570 0 0 (i‘)2 0 3 - 0 07 0 0] 0 20 ! 4.17 0
1 5 ’ 2 14 0 OS 5 SO 0 '5 2 0 10 0 11 0 0 30 I 3 44 0 0 4 !)
2.0 "4 14 0 101 481 20 0 Odd 0 14 0 03 0 0 55 i 2 .d-4 0 10 II !
2.5 52 I I 0 124 CX2 42 /> d l l 0 l l 0 03 0 0 03 1.04 0.20 <>
3.0 « » <> 1 10 405 o3 n o3o 0 00 0 0 2 0 0 47 1 1 50 0 23
3 5 0 0 0 so 510 115 n 523 0 0 0 0 43 1 51 0 43
4.(1 0 II 0 OI 241 225 n 52~ 0 (I 0 0 55 2.17 loo (1 1
4 5 II 0 42 203 345 n 500 0 0 0 0 50 ! : 4 1 3 23
5 0 ■ . • « • 1 2 4 9 1240 • * ■ • 1 * •
















1 W  I
7.2:  !
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M arquesado l lo u  (bod> I middle  deposit al l.oealitv XI |C B V - M -I 4 |  | Total ' .ample ue iuht:  1125550 m u |
(irain diameter 1 Weiuht 1-ructions (iranulometric Analv sis






0*4 1 01.- j
i '
<tis | Md* i a. 1
| | 1
-5 ii 41 5 i > 1(111(1 4 53 4 7 : 5 0 ] -1 4  ■ -5 2 1 -0  5 ! 5 00  I I I  75%
-»> 22 4 i II 4 53
-4 (1 lb  0 ! (>5‘)0 (i 10 30 ! '
11 2 , 4>000 14 3X ■ ! i
















S M I ( i t  I S \ l l  ( i t l
-1 (1 2 t) ■'0210 42 05 25 1 0 i < 5 ! o ‘
•i) 5 1 4 : '5X00 4X.70 10 ! o ; 5 i o
0 (I 1 (1 1 50000 54 00 20 0 4 2 o i
o 5 0 ' I I I i ■’2407 00 53  ^; 1) > * ti
I ll 0  500 1 0X5XX oo o2 22 1 1) 1 . V '  11
1 5 (13>5 04XX4 '2  50 i-* 0 > s o ;
2 o 0 25o 53101 "  11 25 0 h *• tl
;  s 0 I SI) 1 43100 xo 05 2 b 11 "  2 0
4 (I i l  125 453?o X4 0X
I ~
11 b "  (1
5 5 II OXX , 30X01 XX 25
4 0 II 063 1 35010 01 42
4 * 0 045 ! <50X0 04 55
* 0 (1 032 ! 23025 oo o5
i b 0 0 i l l ? 1 200X0 ox 5o 1
1 ? " 1) OOX I 00211 100 00 1
Counts : Hulk W eight Percentages:
! 0
!
Wp tip 1 Bp Mal 1 uhic (ilass NA total
counts
Wp (ip Bp Xial l.ithie i (i lass NA
1 -5 (1 0 0 i 0 0 I ii tt 1 0 0 0 0 ! 4 tl
, .4  5 II 0 : o 0 a n 0 0 0 0 0 0 1) 0 0
i -4 n II 0 : 0 ii 4 t> it 4 0 0 11 0 5 X5 0 o
i - '  ^ 0 0 : ii ii 12 ii n 12 0 0 1) 0 4 110 0 o
.3 (I 0 0 0 ti 41 n 41 (I 0 0 0 4 1? 0
: -2 5 4 0 i I 0 12! n it 12b o o5 0 |) (lb 0 5 4 : 0
i -2 <) 40 0 | lb <i 4bU ii i } >22 o 22 1) 0 00 0 - -’h : 0 0
-1 4 54 0 ; s ti 4 " l tl tt 515 0 25 1) 0 00 0 : 5 74 ; 0
! - i  0 > -* 1 1 0 ■> 4T 4 i) tt *00 0 14 001 0 0 02 6.1)7 0 0
; *() 4 2S ** 1 - 4 45X il . n 500 0 25 0 06 o 05 0 05 6 37 i 11 0
0 0 10 10 ! 1 1 4T| u tt 500 o II OOX 0 0! n o ! 1 5 1(1 : o
; ti 5 24 0 ; o 455 t) : 0 500 o 15 0 15 0 0 4 1 ' 5 76 : o 11
! 1 0 42 X I 0 51 507 12 i) 500 o 20 0 ox 0 Obi 1 4 07 ; 0 15 0
: 1 5 20 1 1 0 XX 5X0 ■> t) 500 o lb 0 02 0 1.02 i 4 55 0.02 0 :
I 2 0 22 0 0 HU 571 b : t i 500 0 07 0 0 o o x 3 (< : 0 05
i 2 5 10 0 0 112 550 10 ! 0 500 0 Ob 0 0 o x x i 2 x2 0 0 7 o ;
4 0 11 0 ! 0 150 545 : 11 500 0 05 0 0 1 15 : 2 XO 0 05
; s 's 0 0 ! 0 1IX 20X X4 it 500 0 0 0 0 xo I 2 02 1 04 5
| 4 0 0 0 ; o -0 211 210 ; 0 500 0 0 0 n 55 1 1 46 ! 1 15
4 5 0 0 ! o 5 1 "5 2~b : tt 50o I) 1) 0 0 3h 1 22 i 1 54
! 5 o “ • 1 • • * i 1 4 " 147" • * “ • ; • ! * 1 ' 4  :
: o o * • . • * i w r 1007 ■ • * • : • | • 2.3-1 ;
« 1 • . • • 2 4 1 ~ 2 4 T • • * • ; • • 1 3 0
‘ rt
i





s . - r  j
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Marqiiei>adn tlnw lhud \  ) lup deposit  al I ocalu> XI |C H V - \ l - l h |  | l otal sample weight ?X‘/ a ' h  mu|
(irain diameter ; Weight Iractions (iranulomctric 4naK-.ii.
4> , mm weight Cumulative ■ O’1* 0 , i  ' 0,, 0* Md> rr I -
I mg 1 weight"..
-5 n 51 5 2241X1 t XII * 5 '*0 I -4> i ) fi 531 |0 "S'*.,
-1 5 2 2 4 "200 '  02
~l .1 1o < i : I.X420 x 1 5
. | ^ 1 1 : 4 2 'nn 1 5 50
-5 1) S 0 52500 20 X '






2n o | 
■o r  







SM I ( iCI s M l  ( i d
-I o 2 I) 1 '2X0 5o 5o 4 0 0 "  tl
*<> 5 : t 4 2o 15.X ’,0  q ; 10 II 2 II
0 n ! o 22‘iol 45 XI 14 1) * 0 II
i i 5 i) " 1U 2 5 '0 2 4X l< 1 u ; o ii
! 0 n 500 20 loo '5  10 n 2 * ‘ I
I 5 • i 555 2X0’ 1 'X o2 12 n i n  n
:  i» n 250 2 " 2ol (>2 o5 15 il 14  ll
2 > 0 ISO 2 - 4 S ’. o '  to 12 n 4 2 o
; 0 o 125 502X1 '5  oo ! i) 4 * M
i * o OSS 5hd|o So 22
4 ll II 005 '5 0 5 " X* S3
4 5 ii 045 5 K o  I *M 20
5 ii i) i i 52 loot II S4 5S
h II o o r r o s i i o“ 5S
~ 0 1) DOS l42do loo 00
( onnt>: H u lk  W eigh t I ’crccntages:
Wp (ip Up Xtal ! ithic ( llilNS NA total
count'
U p (ip lip Xtal 1 ithic (il;Ls> NA
-5 o ! 1 0 0 11 u 1 1 0 I 5 SO n 0 0 0 11 1)
-4 5 : 1 0 0 n 11 0 0 1 1 22 0 0 0 0 0 1)
-4 o 0 n i n 11 11 0 lo 0 IO)| 0 0 0 11
-5 5 40 5 5 11 2 11 0 >•* 0 25 0 [X 0 5X 0 0 40 0 11
-5 0 S2 1 15 u 4 11 1) 105 4 n" 021 0 o4 0 0 o2 ll 0
.2  5 |00 r 3(i ti * t] l l 2 o5 0 31 :  04 11 0 [4 II ti
* 2 " ’ 5o4 50 52 11 21 II n 455 2 00 0 42 0 52 0 0 45 ll H
-I 5 4 1 " n 42 11 Oi 0 I I 500 2 ' ' 0 00 0 45 0 0 53 0 0
-I o ; " o 42 io 0 00 II I) 5oo 5 1 X 0 ;o 0 14 0 0 o5 0 (1
.0 5 ; 20 " 20 12 0 I o2 0 0 *00 I o4 0 1" i) 0 " 0 1 54 0 0
0 0 ■ 22s lo ** 1 24X (1 1i *00 1 54 0 11 0 05 0 01 2 50 0 0
0 5 10! 12 15 2X0 It *00 i 20 "  15 0 0| 0 12 2 "4 0 02 0
1 0 : 1 "2 5 0 lo 2o~ 0 I I *00 I 5N 0 03 0 0 2o 3 20 0 00 0
I 5 1 4 11 45 20S 11 1) *00 0 "5 0 00 0 0 51 5 4X 0 l l 0
. 2 0 130 4 0 o2 2oo s n 5110 0 40 0 02 0 0 "0 5 55 0 os
■ 2 5 . 120 0 0 "1 2XS 12 it 500 o o l 11 0 0 "X 5 10 0 1:
5 0 : 1 2 ' 0 ; 0 00 2 5 " r 0 500 1 o5 . 0 0 150 5 00 0 24 1)
5 5 I P 1) II 105 22X 0 it *00 1 24 0 0 1 50 5 OS 0 55 0
4 0 1) 0 0 04 2ol 255 it 5oo ii 0 0 0 so 2 5o ■» ;■> 0
4 5 11 0 0 *4 IS4 2X2 n 5110 0 0 0 041 0 S3 2 "1 11
. 5 0 • * • • * • 1 2 4 4 1244 « • • - ■ • 5 5X
1 0  1)! • • * • • • I 6 t r lo o " * • ■ • • • 5 00
"  0 1 • • • • * * 2 0 3 ' 205" • • • • « • 2.42
38.68 r 2.05 4.90 6.42 32.82 * 6.24 ‘ 8.80 '
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.1 ;il l.ocaiil) h5 | t 'H V -6 5 - l  | | to ta l  u m p l c  weight 4 12St> 5 ntu|
C irain diameter j WcisilH Iraclions (iranulometric AnaKsis
* ' mm WCtulH
i i W i
Cumulate 
w eiuh t"«
e . ; o i ; o.. <P* Md* a . j L :
-5 0 31 5 0 ii 5 4 4 0 -OX -I X 2 4 2 45 ' 5 2 "
-4 5 - - 3 0 ii !
-4 0 Ih II 11 ii
-3 5 1 1 : 0 ii
-5 o ; s o 205 X 0 40
.2 5 5 fi 204 " 1 15
o ; 4 ii 405 0 3 ’ ’ Minor Lithic \bundance
-1 5 : :  x 2 5 o4 X X Oh
( mints , [volume °o|
SM I . ( ,c i SM I , ( iC l
•i n -  " 2542 15 "5 11 M »h " 0
-o 5 ; 1 4 544" 22 ox 4 0 I 5 : 0
0 0 ■ i ii 5606 M 05 5 II 0 0 : ll
il 5 0 ' i n  ; 2 h l4 t T  5h h 1) 1 1 0
1 o ll 5011 1405 40 OX 6 0 1 5 0
1 5 o 555 IhO" 44 X" II 1 ! 0
:  o 0 250 l o t s 4 "  54 II . n 5 0
2 5 ; o ixo 12X0 >0 4h ll (I 11 0
5 o o i : > 1041 V  lh 0 II 11 0
t N ! ooxx 500X h? 20
-1 0 : II Oh 2 h l " "5  h5
4 5 0 04 5 41X1 X5 "5
5 o . 0 05 ■> 5 "  10 02 ">
6 0 0 01 - 22S5 ox 20
"  0 l 0 oox "10 loo 00
omit* B u lk  W e iuht  Percentages:
<t> ! Wp : (ip | Up Mal Lithic (iliLSN v \  ; total Wp (ip ; Bp . Xtal I I ithic i Glass NA
i , counts i
->«»1 o : 0 0 0 ii ii n 11 0 0 0 0 ■ 0 0 0
•4 5 j o ; 0 0 11 0 n n 0 0 0 0 0 : 0 : 0 0
-1 ll | 0 0 o 11 it 0 n 0 0 0 0 0 11 0 0
* > > ' ii 0 : 0 o i i 0 n 11 0 0 0 0 : 0 ■ 0 0
-3<h I 0 0 1) i i 1) ft I 0 40 0 0 0 : 0 , 0 0
.2 5 . _ • 0 0 II ii 11 n 0 h4 0 11 0 0 . 0 I)
oi 10 ‘ 0 1 0 11 0 1) ft 10 1 2o 0 0 0 • 0 0 11
-i ?! 51 50 10 o 14 11 it 125 1 XI 1 XO ; 1 15 ' 0 : 1)00 ' 0 0
-i u l "X 1 "h , > 3 1) 50 0 n 25" i 55 1 00 ; I 52 0 1 111 ■ 0 0
-i i  ?; 221 i 2! 1 1 r I ;oo 0 n "50 1 00 I X" : 0 15 : 0 01 : 4 42 0 0
ii i i i 156 1 “  s 4 2 555 i i n "5o 1 lo 0 ho : 0 04 i 0 03 " 0 0 j 0 0
i i  5 i 254 50 i -*  ^•* 4 5 1 0 a "5o 11 X2 0  7 "  j 0 02 ■ 0 22 ! 4 50 0 0
1 n ! 153 i 42 : 4 •* 4 " " 4 " tt ~>o 0 5X O lX Oo2 ; 0 14 ! 2 40 . 0 22 0
1 5 1 55 ' 45 j 0 i r 452 X5 it "5o 0 14 0  '7  ! 0 : 0 61 i 2-44 ; 0 58 i 0
: o  i 4 '  ' 25 ! ll 145 540 15h n "50 0 12 0 0 5  ; 0 0 54 : 1 31 0 45 : 0
2.5 h! : - i o , 145 550 1X0 0 "50 0 12 . 0 02 ; 0 0.64 ; 1 60 0 75 0
3 0 i 50 ' : 0 ; 25X 5"h [04 n "50 0 10 : 0 01 0 I 54 : 2 45 i 0 62 ; 0
3 5 . 0 0 ; 0 111 X4 ; 0 5“o 0 0 > 0 2."6 ! 2.00 1 - 20 . 0
4 (I o 1 0 ii X4 25 505 0 502 0 0 0 I 2 " ; 0 5x : 4 "0 : 0
4 5 o : 0 0 125 54 422 0  . 5"o 0 ■ 0 0 2.52 ' 0 "() ; 6X 8 . 0
5 ll • ; ■ * ■ « • : s : i 2521 • - • • * ' - : X 00
h II • ; • • « ■ • 20*9 2o"o • ■ * * • . ■ 5 54
*  0 • ; • • ■ • « m u 10! I - 1 * ; - . * • : • : l " l
I
I 1 U " 1 " .6 8  j 2.68 | 10.28 r  31.46 j 21.29
i
i 16.24
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. 1 al l .o ca l iu  r>7 [C'BV-ft7-l | | I'mal sample weight  13(iO-J(> ! ms;|
( irain diameter I Weight Iractnms (iranulomctric Anahsis
1 mm i weight Cumulative 1 4K* 'Oi- ' 0* ■ M d ; a. I :i ; 
i : [me! weight ° •i
' -5 (I i - ’ I ?  ; 0 0 5 X 4 0 -oo -! 0 2 o . 2 5 42 ;
-4 5 ; 22 4 0 0
-4 il ! f ft 0 0 it
■ 1 1 ; 0 0
•3 i> ; s o I2 "o  o 0 04






- i  ^
! -2 ii 
•I 5
b 4 oo 
< 40




SM I C ,C 1 SM I ( iC I
-f o :  o 660N - 10 55 15 0 S " 0
-o 5 1 4 X041 o lo o2 »6 0 1 1 0 ii
! 0 (1 I I I — 01 4 22 o5 2X 0 0 o 0
1 0 5 0 "10 602 " 5 2 "  ox 26 0 o 2 0
: 1 <) : o 500 4b  10 0 5o 4" 24 0 S " 0
1 5 0 555 1 >504 54 5" 21 o "  0 (1
2 0 : 0 250 ' 65X6 - ;o oh IX 0 o X 0
2 5 o i s o  ; "6<X 5 44 oo 0 0 n 0
5 i) o 125 , X"26 o 5 1 10 0 0 i 0
5 5 OOSS i OOXX -  "X
4 0 ■ 0 005 : " X 5 1 b o5 54
4 5 o 045 10040 " " "  54
5 0 ; 0 052 1001 < so o "
6 (1 0 0| " 1041 < o" o5
: -  0 : o oox *22* loo 00
Counts B u lk  Weight Percentages:
*  ! Wp j (ip Bp Xtal 1 ithic ( ilass NA total
counts
Wp (ip Bp Xtal , l .ithie (ilass NA
: -501 0 1 o 0 0 0 0 i) 1 o 0 0 . 0 , 0 0 0 0
' - 4 5 ! o 1 o 0 0 0 It 0 0 II 0 II 0 0 0 0
4  1) 0 ! 0 0 0 0 0 0 0 n I) II 0 0 0 0
. > > 1 o ; o 0 0 0 0 l l 0 o 1) 0 0 0 1) II
- 4 n • 4 o I 0 0 0 ■ 11 5 o "5 II 0 10 0 0 0 II
. --■> l "  4 1 0 0 11 f l 12 o 50 0 44 ‘ 0 55 0 0 II 0
-2 o i 25 ; 5 X o 0 o /I 5o 1 oX I) IX 0 42 : 0 0 II 0
' - 1 5 ! 15" 6 5 0 2S 11 n i Oo 1 04 o 05 0 06 0 n 55 0 II
- 1 0 ; 200 5" 0 11 l " 5 11 ■ 11 410 1 00 041 0 0 2X4 0 ll
. i i  5 15" ' 20 s 4 *2" 1 ► f i 400 1 22 o 27 o o2 0 06 5 01 II 0
0 0 1 40 i X 0 4X 202 01 f i 40X it 5" n 15 0 o 5" 5 61 1 05 0
1 o 5 42 1 12 II 55 2X4 100 0 ■ 500 0 26 0 14 1 0 0 47 2 65 o 05 0
M l 5x ; o 0 f>0 2 "* 112 t l : 500 o 20 0 0 5 0 0 46 1 o f o " l 0
1 5 2X ; 11 0 6* 2"o 1IX l l 1 <00 o i l o 12 0 o 54 ! 2 20 0 X4 0
2 o I 25 : 12 0 264 120 ■ f l 500 OOX 0.05 ■ 0 o "5 2.68 I 16
2 5 o ; o 0 loo 241 155 i 0 , 5oo 1) i i  : 0 1 22 : 2.77 1 64 II
3 0 ; 0 ; 0 0 105 224 1 "5 . t l 5oo 0 0 o 1 56 ! 2.06 2.00
' * > ; o ! o 0 X4 20X 20X : o ; 500 0 n 0 1 25 5 06 2 50 0
4 0 ! 0 ; 0 0 51 1X1 26X ; o ; 500 0 0 0 0.66 2.54 2 "5 0
; 4.5 ; 0 ! 0 0 51 l " 0 200 : t l ! 500 0 0 0 o 5 i  ; 2.51 5 oi II
5 0 | • i • • • • • : I 0 S ‘ ; 105" • * * • ' • • 12 45
i 6.0 * ! * • « « « ' 9 4 ~ 0 4 " - * * . • ; * * I I  10 :
- o • ; • • • • ■ 4 6 0 : 400 • ■ • ; • - ' • • " .02
■ I i
" J O 1.86 * 1.04 ' ".81 7 34.80 ' 16.55 30.64 ‘
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i-1 al Locality (iX [CtlV-(iX-2| 1 l oial sample  u c m h t  I -W (i2  4 mil|




1 ueiuht  
! Imgj
I  umulatiie 
ueiuht  'Oi
Oi* O'- O' M i l .  a. : l; :
-5 tl ; 31 5 : i>
0 5 X 4 w .0 5 -1 5 : 5 2 2 41 4 ' 4 7 " „
-4 5 2 2 4 0 0
-J II K i n I 0 0
. * < i n : '■ KiO'- x 1 1 -
■ *5 1 X II 542 1 1 5(1








' -I * < ' i i : Count' [\i>!umc %|
S M I . ( .Cl S M I : ( i d
I -1 t) 2 d 4705 2 X 411 4 tl :  s ii
: •<) 5 1 4 I X502 * 15 05 - fl :  4 ti
: 0  0 i t ii '(155 X 1X d2 X ■> 2 t» o "
I 0 5 i) ~ ni '5 4 4  o 25 52 0 0 4 0 ■ ii
1 (I il 5u(l XII50 1 2X XO s II '  6 u
; 1 5 (I 555 X02(i 2 '-4 X4 6 1) < 6 II
2 o : 0 25(1 (iX(i' 5 50 42 11 II 14 5 1)
2 5 (I 1 XO ( il l  15 5 45 40 1) II u (1
5 o (l 125 d '55 5 1 ' OX tl (1 ’) (1
< < o n x x . 0X225 ' 2  55
4 0 (1 (Ki­ 1 1555‘»2 '. I  44
4 5 ll 045 2 2 2 0 '2 ' ( i  25
5 0 0 052 |o*2o XO 40
6  n i il o r 12140 o '  40
, : o oox 5 "(in 100 III!
Counts: liu lk  W cit-hl I’erccnlaiii's:
-©■ T3 : ( ip BP Xtal 1 tihie i ilass NA total
count*
Wp (ip Bp Xial : l .ithie i (Hass NA
-5 (l! 0 0 0 il n i) 0 0 0 0 0 0 0 : o 0
—* 5 i 0 : i i 0 u ii i i i i ii 11 0 II I) 0 ! 0 0
-4 0 ! 0 ti 0 il <1 ti (l o 1) 0 0 0 ti : 0 0
5 i i i i i I '1 ii n n 1 1) 0 1 15 0 0 I) 0
-5 I I ;  0 i i I tl n i> i l I II 0 0 25 0 0 (1 0
-2 5 i 2 i 1 0 i > o i i 4 0 (10 0 06 0 10 0 0 (1 0
-2 0 1 21 i I n 4 ti it ■> - II 66 0 04 0 04 0 0 ' 0 1)
-1 5  X5 ■ - 5 i i »s i) 0 150 I 2X 0 14 o ox 0 0 51 < ') 0
-1 oj 22X ■* 5 ti 145 il n 5X5 1 52 0 06 0 05 II 0  05 0 (I
-0 5 ' Id l ii 2X9 42 n <00 I 25 0 05 0 02 0 1 XO 0 4 5 II
n i l  ; 5X , ^ (I 50" 12" n <00 o 56 0 04 0 0 03 i  5 XI ' i r 0
o 5  ; 21 ! ■> II o IS5 2X3 0 <00 o 54 0 02 0 0 oo i 5 10 ' 2.60 0
| 1 0 i 4 ! 0 II I.' 139 544 n <00 o 03 : o 0 o 15 I X5 5 56 (1
; 1 5 ; 2 ; 0 1) 2o MIS 561 a <00 0 01 0 0 0 38 i 1 63 . 4 i : u :
i 2 0 | 2 : o 0 ■*** 5X9 n <00 0 01 . 0 0 0 32 144 ; 4 4X ! o
2.5 i 0 0 0 40 51 4(10 i i <00 0 0 0 0 42 1 0 1 4.51 . o ,
3 0 1 0 : o II "6 59 5X5 n <00 0 0 0 0 73 : 0 44 ; 4.48 , 0
! 5 5 j 0 ! 1) " I ? > 594 /) 5oo o 0 0 0 78 I 0 58 ; 5 "x 0
; 4 o  j o 0 0 40 5 6 415 n <00 0 0 0 1 05 1 0 "7 I "OX : 1)
4 5 i o ! 0 (1 51 >4 415 ft <00 (1 II 0 1 04 ; 0 "0 j 9  84 II
5 0 | ■ ; « • « ■ • , 1 2 3 2 1252 • • • • ! • ; * 13 15 .
(i 0 • : • « • * - l / O J 1104 • « - • ' • 1 • , X 10
' ( I  ■ ■ • • • « * 556 • • • * ; * ; • : 2.5i
' [ "  ~ 5 J 3 I 0.41 1.72 * 4.99 f  18.04 f  45.75I
r  23.-6 '
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l-2 at l.ocalitv 65 [CBY-65-21 |Total sample weight 41034 4 mg|
; (irain diameter Wciulit  I ractions ( iranulomctric \nahsis
! <t> | mm ; vvciuht Cumulative *&•!» j <J)*4 , 0 * Md. n . i I-:
' [ oval : weight".*
1 -5 0 ' -1 5 : 0 , o 5 4 4 4 ii 1 -OS 14  2 01 2Soo°o '
' -4 5 2 2  A : 0 0
. -4 o ! M I ll 0
*3 5 i i : 0 0
j -3 0 s o ' 53X 5 1 31
I 7 h 64 3 ! 4"
-2 o 4 II 24"’ I 2 < r Minor l.ithie Xhundaiicc
-1 5 : 2 S 202 3 ■* ^6
t  Hunts |v olumc "o|
S M I  ( i l l S M I  ( iCI
-I i) 2 ll >6 "  6 3 05 1 0 t n ii
-o 5 : 1 4 W>04 5 X ox 0 0 n ii
0 0 1 t' 2060  o 1 5 3 5 , o 1 1 0
0 5 : 0 " I I I 5604 0 2X 0? 5 o 1 1 n
1 o i i  500 6502 I 45 04 5 0 i i  ~ n
: I 5 : o 555 , 3 5 "0  J *3 "6 b 2 14 i i 5
: 2 0 i 0 250 2104 4 50 I '  j s 12  o 5
2 5 0 ISO 1 X5o 3 63 63 4 : i i 1 1 n
3 o o 125 1"42 6 XX i i  i i i i  n
3 5 ■ II OSS 1600 * "2  oo
4 0 ; 0 005 1 546 6 mm
4 5 0 045 3XIX 5 S5 07
5 0 0 052 ; 3300 05 54
f>0 ; 0 0 1 7 2ooo os 42
• 0 OIIOS 645 100 Oil
Count*: __________      B u lk  W r ig h t  Percentages:
*  " P (ip Up Xtal 1 ithic ( i la » v \ total
counts
Wp (ip Bp Xtal l.ithie : (i lass X A
-5 0 ,  o 0 0 0 0 n n 0 0 o 0 o 0 0 it
4  5 ;  0 0 0 II o 11 it n 0 0 0 0 0 0 0
-4 0 i 0 ' 0 0 It it > i i i 0 0 0 0 0 0 0 0
; -3 5 i 0 • o 0 1} 0 0 n 0 0 0 0 0 0 0 0
: -3 0 :  0 ; i •> 0 0 0 n 3 0 0 45 0 X6 0 0 0 0
' -2.5| o : i 0 0 11 0 n 1 0 0 16 0 0 0 0 . 0
: *2 0 0 : 4 1 11 0 0 n * 0 o 40 : 0 11 0 0 0 0
-1 5 0 ' “* 0 It T 0 n 0 1) o 36 it 0 o 13 11 0
: -i o i  4 ( 0 0 :x 0 n 33 0 (IX 0 03 0 0 1 2 " 0 0
; -0 5j 1" i 0 ' 1X4 0 n 210 o 2o o IS 0 0 3 60 o 28 0
i 0 0 36 ! 16 0 h 442 It n 5oo 0 33 o r 0 0 06 6 65 0 00 0
! 1) 5 i 24 ! t - 0 X 445 11 n >00 o 5" 0 41 0 0 oo 12 10 o 20 0
. i o r : x 0 X 436 31 i) 500 0 41 0 21 0 0 21 14 20 0 00 0
; j 5 2 i m 0 24 425 10 n 5oo o r 0 2 " tl 0 25 -  58 ! 0 |0 0
' 2 0 ; 22 : io 0 < - 402 0 0 5oo 0 OX 0 04 0 0 42 : 4 40 0 22 0
2 <  ; 28 12 0 “ 3 "6 11 n >00 o 1 1 0 06 0 0 64 ! 3 ?6 0 38 0
a 0 33 11 0 E i 3 IX i i 500 o io 0 05 0 0 60 ; 2.X3 : I 17 0 :
: 3 5 ■ o 0 0 i 5X 2X4 5X n >00 0 0 0 0 00 : 2.40 i r 0
4 0 0 o I I 0 ! 228 1X1 n 5oo 0 0 0 1 34 ; i 86 ! 3 50 0
; 4 5 0 0 ( I OX 221 1X1 0 500 0 0 0 I 36 j 1 84 2 00 0
5 0  * • « • • • : n o 21 io • « - • ! * ; - X 26
6 0  " : * • • • • /v/v 1808 • * • • ■ • ' • 5 oo
* 0  ; " ; * ■ • • • 073 023 • • • • i ■ : * I 58 :
2.11 2.88 T 0.97 ’ 6.05 f  62278 r 10.28 T  14.93 ‘
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
297
c2. at I.i>ealit>67 | l 'B V -6 7 -2 |  [ total sample  weiuht 12X433 0 m u|
Cirain diameter Weight Iractinns (iranulomelrie Analv sis
mm weiuht ! Cumulative flu. i ■fci ' <!>],- | ij). 1 Md, i fTs I l :
|mu| 1 weiuht '1 ii j ; i
-5 0 51 5 0 o 3 6 1 2 1  ; -1 1 , - I S  i -0 1 1 74 10 05%
-4 5 22 4 0 0 ; 1
-4.0 10 0 0 I I i [
11 2 0 II 1 1
- « i > ,X 0 5 0  .' II 45
s 0 o X '
-2 ii 4 II 2 ' i "  5 o ; io Minor l.ithie i Nbundance i
-15 2 X 4X1X2 o 02 C ount.s I 1 |\olumc •>l !
S M L i ( i<-> i ! SM I i CiCI. ;
-1 i) 2 0 12052 () lo 75 4 o | 1 s I o
-il 5 1 4 2102X 1 , 55 50 1 "  j : 0 j
0 0 1 0 224 5 X 4 51 OX 12 ; o j 5 n ! 0 ■
0 5 0 710 20771 2 o '  25 I? i - ! : 5 0 * 0 5  ;
1 0 0 500 12407 5 ' 0  01 10 0 : > > ! o :
1 5 0 355 5X70 0 XI 40 12 ! i i  . 5 I ; o
2.0 0 250 2X55 1 X5 '1 11 o ;  i : 0
2 5 0 1X0 2 1 1 7 ' 1 X5 5o 0 1 0 i t ; o
.VO 0 125 2207 1 : x? 12 o ; n (i ! °
5 5 I) OXX 24X1 7 : X0 05
4 0 0 005 5000 4 i 01 40
4 5 0 045 4242 X 04 70
5 0 0 0 5 2 5707 ' : 07 05
o i l 0 017 252(1 5 00 44
* 0 I) OOX 71X 2 100 00
Counts: H u lk  W eie lu  I’crccntaecs:
Wp Cip n P Xtal l.ithie (ila.se NA total
counts
Wp Cip Op Xtal l i th ic (ilass N A
-> 0 0 0 0 0 0 0 0 0 0 0 0 I) 0 0 1 0 .
-4 5 0 0 0 0 0 0 0 0 0 0 0 I) 0 0 ! I)
-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
•3 ^ 0 0 0 0 II 0 0 0 0 0 " 0 0 0
-5 o S 0 0 0 0 0 0 ■» 0 45 0 0 0 I) 0 o
-2 5 4 0 1 0 0 n o 20 » D 2 I » (1 0 0 j
-2.0 11 3 e 0 12 0 o 2S 0 54 021 II 12 0 145 0 1) !
-15 47 5 0 0 s i 0 0 133 0 s s 0 12 I) I) 2 74 0 II
-1.0 15X 2 "1 0 22S " o 300 2 3S 0 1)04 0 ' 3 7 0 0 1
-0.5 OS 3 3 S3 12 d 500 2 11 0 04 0 04 0 07 14 20 0.35 i 0  !
0 0 32 0 0 1 ' 403 4S o 500 0 71 0 04 0 0.50 14 60 1 50 ! o !
0 5 14 0 0 20 403 500 0 60 0 I) 0 00 13 06 1 61 1 0 1
1 0 1 0 0 »5 405 50 0 500 0 01 0 I) 0.06 7 06 1.03 0 i
1.5 0 0 0 52 5S4 n4 0 eOO 0 0 I) 0 4 7 3 50 0 51 ! i )  '
2.0 0 0 0 356 •" > t i 500 0 0 1) 1) 33 1 61 0 20 1 0 :
2.5 0 0 « ot) 331 70 0 500 0 0 I) 0 33 1 44 0 22 0
5 0 0 0 0 100 : 300 S2 0 500 0 0 I) 0 30 1 11 0 2 7 j o
5 > 0 0 0 "0 : 27S 143 n 500 0 0 )> 1)33 1 15 0 46 1 "
4 0 0 " 0 > i : 203 244 500 0 0 0 0.2X 1 06 1 01 i 0
4.5 0 0 0 51 : 100 250 n 500 0 0 0 0 21 1 02 2.07 1 0 1
5 0 • • “ ■ : • • 235-1 2354 « * * « • 2.03
6.0 • • • • : • • 7 i n s 21 OS • * • * 1 I.X1
7.0 • * ■ • . « • 1 0 2 6 1026 « • • • * • | 0 56
r
■ 7.88 0.41 0.41 4.23 72-36 0.41 1 5.30i
i 1
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at l.ocalitv fi5 | t 'HV-A5-. ' |  |Tm al  sample u c i u h f  14Xjh‘> I mg |
( irain diameter j Wei'aht I ractions < iramilimietnc Utah sis
♦ 1 mm vvciuht Cumulative j ‘t>- ; Osi : ‘p! : 0. | Md
r <7. 1 t; : ,
! Imr l vvciuht1" [ i i
-5 il ! 5 1 5 0 0 | 4 5 I - . i i - : -I I i 0 4
1 1 41 s 52".. j
-4 5 ■ : :  4 0 ii i i I i
-4 o : 16 0 0 0 I
- > I - II ii
-5 o X 0 (1 i i
.2 > 5 6 













, [volume "«| .
SM I . CiCI SM I 1 .Cl
■1 0 2 o 5S52 2 > o (1 ii '
-0 5 4 1"6X65 r  45 > 0 1 1
0 0 0 25025 2 U  51 0 I) 2 o
o 5 0 " I I I 5560" ; 05 6 II 1 5
1 0 0 500 2 5 " " 4 5 "5  05 4 1) i 0
1 5 : o 55 > 15 "( iI I X2 2X < 1) 1 2
2(1 o 250 T 5  5 X" !2 4 1) o S
 ^ > o i s o 5500 X XO 48 II o 5
5 i> o 12 > i X4X 1 oo "2 0 II ii
» s 0 OSS 1416 S 0| 68
4 il 0 06 5 2401 1 05 5o
4 5 0 04 > 5XIX 5 05 X?
5 ii ; o 05 S 5500 os 16
h 11 001 ? 2001) 00 >6
’ * (1 : o o o s 645 ] (HI 00
( 'm in is : l iu lk  Weight I rccntagcs:
Wp . Cip Up ! Mai f ithic ( ilass ; NA : total U p cip Up Mat l.ithie < ilav* NA
counts
-5 ii 0 ; 0 0 0 II 11 o ii 0 0 0 i) 0 0
-4 5 0 : 1) 0 o 1) 1) ' o n 0 0 0 0 0 0
1 -4 II I) i 0 o o n II : o 0 0 11 0 0 0 0
1 - 4 ^ 0 (I 0 1) 0 II o , ii 0 0 I! ; 0 0 0
1 o i ) o ; 0 0 o 0 0 1 ii , o 0 0 II : 0 0 0
! .2 5 0 0 0 ll il 0 o 0 0 0 0 0 0
ii o ! 4 1 0 ii 1) i o ■ 5 1) 0 25 05 ; 0 0 0 0
-1 5 0 1 10 0 0 *5 1) ! o >2 (I 0 50 0 ; 0 40 0 0
-1 o [6 55 h ll 2X" 0 : o 55X o oo ; (I 24 j II 1 5 55 0
: -o 5 l> : 35 0 447 0 : o 5oo 0 22 1 0 52 j 0 07 : I I I ! 0
! 0 0 14 r . 0 15 451 II : o 500 o 40 041 0 45 ; 1562 0
; 0 5 S 12 i o : s 452 1) : n 500 0 4 0 I) 6 ' 1 21 ! 20 55 0
; ! 0 5 : i 0 5 " 45* 2 : o 5oo 0  o ' 0 05 I I !4  10 0 06
' ! 5 ■> ; 0 II "2 410 4 n •'00 0 04 0 I 51 i *  X2 0 06
: : o 6 0 0 05 506 * ■ n ■>00 oo2 i) 0 0| ! 5 87 0 04
: 2 5 6 n o m2 5 SO 12 n 1 500 0 oi 0 0 44 | 1 SI 0 05
i " 5 | o ! 0 115 ; 565 10 : o : '0 0 0 oi 0 0.2X j 041 0 04
3 5 o ! 0 0 j 124 1 518 58 ' n 5oo 11 (I 0 24 0 62 0 04 0
j 4 0 o ; 0 ; o ; x4 210 107 : a ; 500 0 0 1 0 50 0 77 0 55
; 4.5 ii i 1) ; o ‘ S5 22! 104 , o j 500 0 0 0 50 j  0 2S 1 44
1 5.0 • ' * ; • • • : * « 1 : u v 2 f l l> • , ■ ; « • • 2 24
! 6.0 • i • 1 • 1 ■ ■ • /,v/v 1 SOS « ' « ; - - ! • - 1 41
: T  0 • • : • . • ' “ • : *>-■> : i>25 • - : • • 1 * • 1)44
;
; ' |
1.35 ' 3.08 j 0.05 I " J l r  81 .61)1i
L . .
* 2 J 8 ‘ 4.14
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l .i thie l-all al l.ocalits 104 ( I.I C U V - 100-21 |Total sample weight 20X405(1 mg|
i (irain diameter ! Weight Iracuons (iranulometric Anahs is  j
! 4> ! mm 1 weight Cumulause «... 1 ' 'Du. ! <t>* ! Md, 1 a, !
i 1 |mg| i weight" « i ; i
j  o i l I 5 ! I5IIXXI ; ’ -4
4 '  j 2 "  -4 1 -4 2 . -I I 3 03 ; I I  X3% i
| -4 5 1 22.4 1 10752(1 12 50 I ;
: - j o In  ii I 02057 10 XI , i '
i ■' * 112 1124X1 22 20
i : i
i -.1 o S 0 1 12(1*522 2X 01
1 p  * ! l lo 5 5 n  
, 11000 '  
112012
1





t x  X 7  
44.20
Minor l. ithie ‘ \bundanee 
Counts i |\olume"o|
i SM I t ( i t l  ; j  s m i i ( i t l .  i
! - 1 0 I 2 o | 125040 50 10 / I* if ’ - i I tf ■
1 -o 5 1 4 1100X7 55 05 s - ■ o  : "  S i 0 !
0.0 i  1 " i 105515 o I 0(1 •) 1 i) 5 o (I '
1 0 5 : 0 7|0 ! 11541* 00 44 21 o > 3 II
1 0 0 500 100254 '1 OX 19 i i  > n ' 1)
! 1 5 0 555 05700 *0  IX 20 0 * 5 0
: 2 0 0 250 : X2140 XI) 12 IS o * 0 II
i 2.5 1 o 1X0 j  0X504 X5 4 1 IS : s *  0
' 5 o 0 125 40540 S '  *o 10 H I  * 6 :  o
1 OOSX ! 40630 SS 17
4 0 ; 0 063 43605 oo 2 "
4 5 j 0 045 i "7X05 04 00
5 0 1 0 032 ! 60175 o" 32
6 0 ! 0 0 1 7 | 42600 oo 37
7.0 ooos | 131S5 11)11 nil
( d l l  ills: B u lk  Weight Percentages:
♦ Wp (ip : up Xtal l i th ic ( ila.ss NA : total 
count*
Wp (ip Up i Xtal l.ithie (ila.vs NA
-5 11 (1 » 0 il 3 n 0 (I I) 0 0 0 '  24 0 0
-4 5 (I 0 : 1) ii • ii 0 ■ o II 0 ii I) 5 15 0 I)
-4 ll 0 II 0 (I 12 n {) n II II ii II 4 42 0 0
*5 5 (1 3 0 «l ii 0 ii (I o 13 0 : o 5 27 0 0
-5 ll 0 _> j 0 ii 111 il n 0 , 0 0 5 0 1 0 5 '5 0 0
-2.5 0 24 1 1 n o5o <i a to 0 o o s 0 0 5 50 0 0
-2.0 15 34 ! 0 il 451 il 0 ! ; o 0 ( P i 0 22 1) ! o 5 00 0 0 .
-1 5 6 43 ; ii il 451 n n ! 500 0 04 ; 0 3S 1) j 0 5 02 0 0 !
- I D 0 23 : 0 h 402 n 0 44S 1) 1)5 ■ II Id I) 0 06 5 oo 0 0
-0 5 0 12 : 0 16 4 '2 il 0 500 0 IMIS 0 i 0.18 5 4X 0 0 ,
0 0 40 I 1 0 s 45o 0 0 | 500 o 25 I HOI 0 0 23 4.57 0 o |
(15 21 24 ; " 5 400 o j 500 o 25 ; U 5 2 0 ! o 53 4 50 0 0 4 0
1.0 0 20 0 65 5X0 26 0 ; 500 0 07 i 0 r 1) j 0 67 4 08 0.25 0
15 6 22 i  o 502 3S o 1 500 0 02 1127 0 ! 0 63 5 28 0 20 0 :
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l.ithie Tail at l.ncalilv I I 2 | I . 2  I I 1 Y - I I 2 - I |  | Total ‘•ample weight  I Si >50 m g|
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l.ithie l-'all ash bed  at l ocalitv 1 - | l .2  C H V - l2 e -5 |  [Total sample  ue iuht :  6.57(1(1(1 m g |
(irain diameter | Weight fractions [ (iranulometric Analysis
* mm j weight Cumulative j On ■ Oi. 0- Md,. 1 ci, 1'5
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l .i thie l-all at localitv 12 [1.2 CUV-l2e-2| |Total sample weight. 20.541)11 mg| 
! (irain diameter > Weight tractions Granulometric Anal\sts
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1.ithic la l l  ash bed at l.ucalit. 5S 11.3 CHV-ll- la| | Total  sample wetehl 3 i05oo mi»|
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l.ithie l:nll al Localitv 5X [ I 5 C H V -H - lc |  [Total sample weielu  1566X60 me]
j (irain diameter i Weielu Iractions (iranulometric Analv sis
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